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POLYSUBSirrUTED BENZIMIDAZOLES AS ANTiViRAL AGENTS 

SPONS RSHIP 

This invention was made with government support under Contact N . N01 Al 
42554 and N01 Al 72641 awarded by the National Institute of Allergy and Infectious 
5 Diseases of the National Institutes of Health. The government has certain rights in this 
Invention. 

RELATED APPUCATIONS 

This is a continuation-in-part application of United States Patent Application Serial 
No. 607,899 entiUed "Polysubstituted Benzlmldazoie Nucleosides as Antiviral Agents' filed 
1 0 November 1 , 1 990, by Townsend et al. 

FIELD OF THE INVENTION 
The present invention relates generally to polysut>stltuted benzimidazoles and, more 
particularly, to novel polysubstituted benzimidazoles and compositions, their preparation 
and ttieir use as antiviral agents, particularly against human cytomegaiovims and herpes 
15 simplex virus. 

BACKGROUND OF THE INVENnON 

Antiviral activity of polysubstituted benzimidazoles such as 5,6-dichloro-1-(p-D- 
ribofuranosyl) benzimidazole (DRB) and some closely related derivatives has been 
previously described. Their activity against specific viruses, such as RNA rhinovirus and 

20 DNA herpes simplex virus type 1 and type 2, has also been reported. 

Benzimidazole nucleosides are particularly atbBCtive as potential antiviral agents 
because of their stability toward some major pathways of bioactive purine (bicyclic) 
nucleoside inactivation, e^g., deamination by adenosine deaminase and glycosldic bond 
cleavage by purine nudeoside phosphorylases. Benzimidazole nucleosides such as DRB 

25 have, however, demonstrated only marginal levels of activity or generally unacceptable 
levels of cytotoxicity, or both, tiiereby greatiy diminishing their usefulness in the treatment 
of viral infections. It would thus be desirable to provide polysubstituted benzimidazoles 
and compositions thereof having good antiviral properties, preferably with, a low degree 
of cytotoxicity. 

30 SUMMARY OF THE INVENTION 

The present invention relates to novel antiviral compositions comprising a 
polysubstituted benzimidazole and a pharmaceutically acceptable carrier and methods of 
treatment therewith, wherein the polysubstituted benzimidazole is selected from the group 
consisting of compounds having the foil wing formula and phanrtaceuticaliy acoeptabi 
35 salts and formulations thereof: 



wo 92/07867 



-2- 



PCr/US91/08124 



wherein 

l8 H, R2 Is a, R3 Is a. R4 b H. Rg Is CI and Rg Is p-D-rlbofuranosyl (denoted 
compound 45 in the text); 

R^ is H, Rj Is CI, R3 is CI, R4 Is H. Rg Is Br and Rg is {J-D-fiboftiranosyi (denoted 
5 compound 52 in the text); 

R^ is H, Rg Is NO2, R3 Is NOg. R4 is H, R5 Is CI and Rg Is p-D-ribofuranosyl (denoted 
compound 61 In ttie text); 

R^ is CI, Rg Is H, R3 is Ci, R4 is H. Rg Is CI and Rg Is p-D-rlbofuranosyl (denoted 
compound 81 In the text); 
10 R^ Is H. Rg is CI, R3 is CI, R4 is H, Rg Is I and Rg Is p-i>rlbofuranosyl (denoted 

compound 83a in the text); 

R, Is Br, Rg is Br, R3 Is H, R4 Is H, Rg Is CI and Rg Is p-D-rlbofuranosyl (denoted 

compound 85 in the text); 

R, is H, is Br, R3 is CI, R4 Is H, Rg Is CI and Rg is p-D-rlbofuranosyl (denoted 
1 5 compound 95 in the text); 

R^ is H, Rg Is CI, R3 Is Br, R4 Is H, Rg is CI and Rg is p-D-rlbofuranosyl (denoted 
compound 99 in the text); 

R^ is H, Rg Is I, R3 Is I, R4 is H, Rg Is CI and Rg Is p-O-ribofuranosyl (denoted 

compound 107 In the text); 
20 R^ Is H, Rg Is CI, Rg Is CI, R4 Is H, Rg Is a and Rg Is 2'-deoxy-ribofuranosyi 

(denoted compound 1 11 in the text); 

R, Is H, Rg Is CI, R3 Is CI, R4 Is H, Rg Is Br and Rg Is 2'-deoxy-ribofuranosyi 
(denoted compound 112 in the text); 

R^ Is H, Rg is CI. R3 Is CI. R4 Is H, Rg is Br and Is H (denoted compound 7 In 
25 the text); 

R^ Is H. Rg is Ci, R3 is F, R4 Is H, Rg Is a and Rg is H (denoted compound 12e in 
the text); 
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R, is CI, Rg is CI, R3 is Ci, R4 Is H, R5 Is a and Is H (d noted comp und 1 3 In 
the text); 

R^ is H, R2 Is NO2, R3 Is H, R4 Is H, Rg is CI and Rg Is H (denoted compound 19 
in the text); 

5 Ri Is H, R2 is I. R3 is NO2, R4 Is H, Rg Is CI and Rg Is H (denoted compound 26 In 

the text); 

R, is CI, Rg is H, R3 Is Q, R4 is H, Rg Is Ci and is H (denoted compound 32 In 
the text); 

R^ Is H, R2 is I, R3 is I, R4 is H, Rg Is Ci and Rg is H (denoted compound 41 In the 

10 text); 

R, is Ci, R2 is H, R3 Is CF3, R4 Is H, R5 is CI and Rg Is H (denoted compound 41c 
in the text): 

Ri Is H. Rg Is Ci, Rg Is CI, R4 is H, Rg Is NHg and Rg is p-D-ribofuranosyl (denoted 
compound 44 in the text); 
1 5 Ri is H. R2 is CI, R3 Is a, R4 Is H, Rg Is SCH2 Cg H5 and Rg is p-D-ribofuranosyl 

(denoted compound 54 in the text); 

R^ is H. R2 is Br, R3 is Br, R4 is H. R3 is Ci and Rg is p-D-ribofuranosyl (denoted 
compound 57 In the text); 

R^ is H. Rg Is F, R3 Is F, R4 is H, Rg Is CI and Rg Is p-D-ribofuranosyl (denoted 
20 compound 65 In the text); 

R^ is H, R2 Is CI, R3 is F, R4 Is H, R5 is a and Rg Is p-D-ribofuranosyl (denoted 
compound 65a In the text); 

R^ is H, Rg is H, R3 Is a, R4 Is H, Rg Is CI and Rg Is p-D-ribofuranosyl (denoted 
compound 67 In the text); 
25 Ri Is CI, Rg Is H, R3 is a, R4 Is H, Rg Is CF3 and Rg is p-D-ribofuranosyl (denoted 

compound 81b in the text); 

R^ Is CI, Rg is H, Rg is CF3, R4 Is H, Rg Is CI and Rg Is p-D-ribofuranosyl (denoted 
compound 81c in the text); 

R^ Is H, Rg Is Br, R3 Is H, R4 Is H, Rg is CI and Rg is p-D-rlbofuranosyl (denoted 
30 compound 87 in the text); 

R^ Is H, Rg is H, R3 is Br, R4 is H, Rg Is CI and Rg is p-D-ribofuranosyl (denoted 
compound 90 in the text); 

R^ is CI, Rg is CI, R3 Is CI, R4 is H, Rg is □ and Rg is p-D-ribofuranosyl (denoted 
compound 92 in the text); 



wo 92/07867 PCr/US91/08124 



•4- 



is Br, R2 Is Br, R3 is Br, is H, Rg is CI and Rg is p^D-ribofuranosyl (denoted 
compound 103 in the text); 

R^ Is H. R2 Is a. R3 Is CI. R4 Is H, R5 is NH2 and Re Is 2'-deoxy-p-D-rlbofuranosyl 
(denoted compound 113 in the text); 

5 Ri is H. R2 Is CI, R3 is CI, R4 Is H, R5 Is CI and Re Is p-D^irablnofuranosyl (denoted 

compound 134 In the text); 

Ri is CI, R2 Is CI, R3 is CI, R4 Is Ci, Rg is CI and Rg is (1.3Kllhydroxy-2- 
propoxy)methyl (denoted compound 155 in the texl): 

R, is CI. is CI. R3 Is CI. R^ is Ci. R5 is NHg and Rg is (1,3-dihydroxy-2- 
1 0 propQxy)methyl (denoted compound 1 56 in the text); 

Ri is CI. R2 is Ci, R3 is CI. R4 is CI. Rg Is Ci and Rg Is 2-hydroxyethoxymethyl 
(denoted compound 1 66 in the text); 

R, is a. R2 Is CI. R3 is Ci. R4 Is a. Rg is OCH3 and Re is a^iydroxyethoxymethyl 
(denoted compound 166a in the text); 

15 R^ is a, R2 is CI, R3 is CI. R4 is Ci. Rg is NH2 and Rg is 2-hydroxyethoxymethyl 

(denoted compound 167 In the text); 

Ri is H. R2 Is a. R3 is CI. R4 is H. Rg is NH2 and Rg is benzyl (denoted compound 
182 in the text); 

Ri is H, Rg Is a. Rg is CI, R4 is H. Rg Is Ci and Re Is 50-acetyl-p-D-ribofuranosyl 
20 (denoted compound 42a In the text); 

Ri is H. Rg is CI. R3 is CI. R^ Is H. Rg is Br and Rg Is 50-acetyl-p-D-rlbofuranosyl 
. (denoted compound 52b In the texl); 

Ri is H, Rg is CI. Rg Is CI, R4 is H, Rg is CI and Rg is 2.3.5.tri.O-acetyl-p.D- 
ribofuranosyl (denoted compound 42 in the text); 
25 R, is H. Rg is CI. Rg is Ci. R^ is H, Rg is Br and Rg is 2.3.5-trt^-acetyl-p4D. 

ribofuranosyl (denoted compound 52a in the text); 
and operative combinations thereof. 

As used herein, by "pharmaceuticaily acceptable carrier is meant any composition, 
solvent, dispersion medium. coaUng. delivery vehicle or the like, which can be employed 
30 to administer the compounds and compositions of the present imrention wHhout undue 
adverse physiological effects. By "operative combination- Is meant any chemically 
compatible combination of the compounds which does not eHminate the antiviral activity 
of the composition. 

The present Invention also relates t a method of antiviral treatment generally 
35 comprising the step of adminlst ring to th viral host a therapeutically effective amount of 
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a potysubstituted berulmldazole selected from the above-descrit>ed gr up. By 
"therapeutically effective amount" is meant an amount generally effective to achieve the 
desired antiviral effect. 

Ttie present invention furttier relates to the use of a potysubstituted benzimidazole 
5 selected from tiie above-described group in the manufacturing of medicaments for antiviral 
use. The present invention also relates to compositions comprising a potysubstituted 
benzimidazole selected from the above-described group in combination with other antiviral 
agents outside the group. 

The present Invention further relates to the novel potysubstituted benzimidazoles 
10 used in the compositions and treatments of the present invention and methods of their 
making. Novel benzimidazoles inctude compounds 52, 61 . 83a, 85, 95, 99, 1 07. 1 1 1 , 1 1 2, 
7, 12c, 13, 19, 26, 32, 41, 41c, 57, 65, 65a, 67, 81b, 81c, 87. 90, 92, 103, 113. 134, 182, 
42a, 52b, 42, S2a. 81, 155, 156, 166, 166a, 167. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 Figures 1 and 2 are synthesis schemes and tables of potysubstituted 

benzimidazoles in accordance with the principles of the present invention. 

Figure 3 is a table of antiviral activity and cytotoxicity of potysubstituted 
l>enzimidazoles in accordance with the principles of the present invention. 

Figure 4 is a table of the effects of a potysubstituted benzimidazole nucleoside on 
20 the replication of selected herpes viruses in accordance with the principles of the present 
invention. 

Figure 5 Is a dose response curve comparing the activity against human 
cytomegalovirus of two polysul3stituted benzimidazole nucleosides to the known drug 
ganciclovir in accordance yMi the principles of the present invention. 
25 Figure 6 is a graph illustrating the low degree of cytotoxicity (cell growrth inhibition) 

of a potysubstituted benzimidazole nudeostde In accordance vy^ the principles of the 
present Invention. 

Rgure 7 is a graph illustrating the reversibility of the cytotoxic^ects produced by 
a very high level of a polysubstituted benzimidazole nucleoside in accordance with the 
30 principles of the present Invention. 

Rgure 8 is a graph illustrating the cytotoxic effects of DRB on cell growtii and its 
irreversibility. 

Figure 9 is a table of antiviral activity and cytotoxicity of polysubstituted 
benzimidazoles In accordance with the principles of the pr sent invention. 
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DETAILED DESCRIFHON OF THE PREFERRED EMBODIMENTS 
A. Ch micd Structure of Polysubstttuted Benzlmldazoles ff the Invention 

Novel antiviral compositions f tlie present invention oomprise a polysuk>stituted 
benzimidazole and a piiarmaceutically acceptable carrier, wherein the polysubsmuted 
5 benzimidazole is selected from the group consisting of compounds having the following 
formula and phannaceutically acceptable salts and fonnulations thereof. 



wherein 

is H, is CI. R3 is CI. R4 is H. R3 is CI and Rg is p-D*ribofuranosyl (denoted 
compound 45 In the text); 
10 R^ Is H, Rg is a, R3 Is a, R4 Is H, Rg Is Br and Rg is p-D-ribofuranosyl (denoted 

compound 52 in the text) ; 

R^ is H, R2 is NO2, R3 is NO^, R4 is H, R5 is CI and Rg Is p-D-ribofuranosyl (denoted 
compound 61 in the text); 

R^ is CI. R2 Is H, R3 4S CI. R4 is H. R5 is CI and Rg is p-D-ribofuranosyl (denoted 
15 compound 81 in the text); 

R^ is i-l, R2 is CI, R3 is CI, R4 is K R5 is I and Rg Is p-D-ribofuranosyi (denoted 
comFK)und B3a in the text); 

R^ Is Br, R2 is Br, R3 is H, R4 is H, R5 is CI and Rg is p-D-rlbofuranosyl (denoted 
compound 85 in the text); 
20 R^ is H, R2 is Br, R3 is CI, R4 is H, Rg Is CI and Rg is p-D-ribofuranosyi (denoted 

compound 95 in the text) ; 

R^ is H, R2 is CI. R3 is Br, R4 is i-l, Rg is CI and Rg is p-D-ribofuranosyl (denoted 
compound 99 in the text); 

R| is IH, is I, R3 is I, R4 is H, Rg is CI and Rg is p-D-ribofuranosyl (denoted 
25 compound 107 in the text); 

R;, is H. R2 is CI, R3 is CI, R4 is H, Rg is CI and Be 2'-deoxy-ribofuranosy1 
(denoted compound 111 in the text); 
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Ri is H. Rg i3 CI, R3 is CI, R4 is H, R5 is Br and Rg is 2'<le xy-ribofuranosyl 
(denoted compound 112 in the text); 

R^ is H, Rg is a, R3 is CI, R4 is H. R5 is Br and Rg is H (denoted compound 7 in 
tiie text); 

5 R^ is H, R2 is Ci, R3 is F, R4 is H, R5 is CI and Rg is H (denoted compound 12c in 

tiie text); 

R^ is CI, Rg is Ci, R3 is CI, R4 is H, Rg is Q and Rg is H (denoted compound 13 in 
the text); 

R^ is H, Rg is NOg, R3 is H, R4 Is H. Rg is CI and is H (denoted compound 19 
10 In the text); 

R^ Is H, R2 is I, Rg is NO2, R4 is H, Rg is Ci and is H (denoted compound 26 in 

the text); 

R^ Is CI, Fl^ is hi, Rg is CI, R4 is H, Rg is CI and is H (denoted compound 32 in 
the text); 

15 R^ is H, R2 is I, Rg is I, R4 Is K Rg is CI and Rg is H (denoted compound 41 In the 

text); 

R<i Is CI, R2 is H, F^ Is CFg, R4 Is H, Fig Is CI and F^ Is IH (denoted compound 41c 
in the text); 

R^ is i-l, F^ is CI, Rg is CI, R4 Is H, F)g is NH2 and F^ is p-DH'ibofuranosyl (denoted 
20 compound 44 In the text); 

R^ is H, FI2 is Ci, Rg Is CI, R4 is H, Rg Is SCH2 Cg i-lg and F^ is p-D-ribofuranosyl 
(denoted compound 54 in the text); 

R^ is H, FI2 Is Br, Rg Is Br, R4 is 1-1, F^ Is CI and Rg is p-D-rlbofuranosyl (denoted 
compound 57 in the text); 
25 R^ is l-i, R2 Is F, Rg Is F, R4 is IH, Rg is CI and is p-D-ribofuranosyl (denoted 

compound 65 in the text); 

R^ is H, R2 is CI, F^ is F, R4 is H, F^ is CI and Rg is p-D-ribofuranosyl (denoted 
compound 65a In the text); 

R^ Is H, Rg Is H, Rg is CI, R4 is H, Rg is CI and Rg is p-D-ribofuranosyl (denoted 
30 compound 67 in the text) ; 

R^ is CI, Rg is H, Rg is Ci, R4 is H, Rg is CFg and Rg is p-D-ribofuranosyl (denoted 
compound 81b in the text); 

R^ is CI, Rg is H, Rg is CFg, R4 is H, Rg is CI and Rg Is p-D-rlbofuranosyl (denoted 
compound 81c in the text); 
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is H, R2 is Br, is HI, R4 is H, Rg is Ci and Rg Is p-D-ribofuranosyl (denoted 
compound 87 in the text); 

R^ is H, Rg is H, R3 is Br, R4 is H, R5 is CI and Rg is p-I>ribofuranosyl (denoted 
compound 90 in the text); 
5 R^ is CI, R2 is Ci. R3 is CI, R4 is H, R5 is CI and Is p-D-ribofuranosyl (denoted 

compound 92 in the text); 

is Br. i^ is Br, R3 Is Br, R4 is H, Rg is CI and Rg is p-[>-ribofurano^ (denoted 
compound 103 in the text); 

Is H, R2 is CI, R3 is CI, R4 is H, R5 is NUg and Rg is 2'-deoxy-p-D-rtt>ofuranosyl 
1 0 (denoted compound 1 1 3 in the text); 

R^ is H, R2 Is CI. R3 is CI, R4 is H, Rg is Q and Rg is p-ID-arablnofuranosyl (denoted 
compound 1 34 in the text); 

R^ is Ci, R2 is a, R3 is CI, R4 is CI, R5 is CI and is (1 ,adihydroxy-2- 
propoxy)methyi (denoted compound 155 in the text); 
15 R^ is CI, Rg is Ci. R3 is a, R4 is Ci, Rg is NH2 and Rg is (1,3<lihydroxy-2- 

propoxy)methyl (denoted compound 1 56 in the text); 

Ri is CI. R2 is CI. Rg is CI, R4 Is CI, Rg Is Q and Rg is 2-hydroxyethoxymethyl 
(denoted compound 166 in the text); 

R, Is CI, R2 is CI, Rg is CI, R4 is CI, Rg is OCH3 and Rg Is 2-hydroxyethoxymethyi 
20 (denoted compound 1 66a In the text); 

Rl is CI, Rg is CI, Rg is CI, R4 is CI, Rg Is NHg and Rg Is 2-hydroxyethoxymethyi 
(denoted compound 1 67 in the text); 

Ri is H, Rg is CI, Rg Is CI, R4 is H, Rg is NHg and Rg Is benzyl (denoted compound 
182 in the text); 

25 R^ is H, Rg Is Ci, Rg is CI, R4 Is H, Rg is CI and Rg Is 50-acetyl-p-D-ribofuranosyl 

(denoted compound 42a in the text); 

Ri is H, Rg is CI, Rg is CI, R4 is H, Rg is Br and Rg is 5-0-acetyl-p-D-rtt)ofuranosyl 
(denoted compound 52b In the text); 

Ri is H, Rg is CI, Rg is CI, R4 is H, Rg Is CI and Rg Is 2,3.&4ri-0^cetyl-p-D- 
30 ribofuranosyl (denoted compound 42 in the text); 

R^ is H, Rg is CI, Rg is CI, R4 is H. Rg is Br and Rg is 2,3,5^ri-0-acetyi-p-D- 
ribofurano^l (denoted compound 52a in the text); 
and operative combinations thereof. 

Thus compounds in the practice of the compositions and methods of the present 
35 Inv ntion include: 
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2,5,6-trichl ro-1-(p-D-rlbofuranosyl)benzimtdazole where R^, = H; R2, R3, R5 = 
CI; Rg p-D-ribofuranosyl (denoted compound 45 in the text); 

5,6<iichloro-2-bromo-1Hp-D«fibofuranosyl)benzimldazole where R^, R4 = H; R2, 
= Cr; R5 = Br; R^ = p-D-ribofuranosyl (denoted compound 52 in the text); 
5 2-chloro-5,6-dlnltro-1 -(p-D-ribofuranosyObenzimidazole where R^ , R4 = H; R2. R3 = 

NO2; R5 = CI; Rq 8 p-D-ribofuranosyl (denoted compound 61 In the text); 

2,4,6-trlchloro-1-(p-D-ribofuranosyOben2lmida2ole where Rg, R4 = H; R^ R3. Rs 
CI; Rg = p-D-rlbofuranosyl (denoted compound 81 In the text); 

5,6-dlchloro-2-iodo-1-(p-D-ribofurano8yl)benzimidazole where R|, R4 = H; Rg, R3 - 
10 CI; R5 I; Rg s p-D-ribofuranosyl (denoted compound 83a in the text); 

2-chloro-4»5^ibromo-1-(p-D-ribofuranosyl)benzimidazo[e where R3, R4 ^ H; R^. 
= Br; R5 = CI; Rg s p-D-ribofuranosyl (denoted compound 85 in the text); 

5-bromo-2,6-dichloro-1-(p-D-ribofuranosyl)benzimidazole where R^, R4 « H; R2 
Br; R3, R5 = CI; Rg = p-D-ribofuranosyl (denoted compound 95 in the text); 
1 5 6-bromo-2,5-dichioro-1 -(p-D-ribofuranosyi)benzimidazole where R^ R4 = ^* R5 

= CI; R3 s Br; Rg = p-D-ribofuranosyl (denoted compound 99 in the text); 

2-chloro-5,6-diiodo-1-(p-D-ribofuranosyl)benzimidazo!e where R^, R4 H; Rg, R3 - 
i; R5 = CI; Rg = p-D-ribofiiranosyl (denoted compound 107 in the text); 

2,5,6-trlchloro-1-(2'-deoxy-p-D-ribofuranosyl)benzimidazole where R^, R4 = H; Rg, 
20 R3, Rg = CI; = 2'-deoxy-ribofuranosyl (denoted compound 111 In the text); 

5,6-dichloro-2-bromo-1-(2'-deoxy-p-D-ribofuranosyl)benzimidazoie where R^. R4 = 
H; Rg, R3 = CI; R5 » Br; R^ « 2'*deoxy-ribofuranosyl (denoted compound 112 in the text); 

2-bromo-5,6-dlchlorobenzimidazole where R^ R4. Rg = H; R2, R3 = CI; R5 - Br 
(denoted compound 7 in the text); 
25 2,5(6)-dichloro-6(5)-fluorobenzlmidazole where R^, R4, Rg « H; Rg, R5 « CI; R3 = 

F (denoted compound 12c in the text); 

2,4,5,6-tetrachlorobenzlmidazoie where R4, Rg = H; R^, Rgi R3, R5 CI (denoted 
compound 13 in the text); 

2-chloro-5-nltrobenzlmidazole where R^, R3. R4, Rg = H; Rg = NOg; R5 = CI 
30 (denoted compound 19 in the text); 

2-chloro-5(6)-iodo-6(5)-nitrobenzimidazole where R^ R41 Rg = H; Rg = I; R3 = NOg; 
Rg = CI (denoted compound 26 in the text); 

2,4,6-trichlorobenzimidazole where Rg, R4, Rg = H; R^, R3, R5 = CI (denoted 
compound 32 in the text); 
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2-chloro-5,6<lii dobenzlmidizole where R^, R4, Rg = H; Rg, R3 = I, Rg = CI 
(denoted compound 41 in the text); 

2,4(7)-dlchloro-6(5)-4riflu romethylbenzfrnidazole where Ri. R4, Rg = H; R2, = 
I; R5 = CI (denoted compound 41c In the tod); 
5 2-amlno-5,6<lich1oro-1 -(p-D-nTjofuranosyObenzimidazole where R^, = H; Rg, R3 

= CI; Rg = NHg; Rg = p-D-ribofuranosyl (denoted compound 44 In the text}; 

2-benzylthlo-5,6-dlchloro-1-(p-DHlbofuranosyl)ben2lmldazolewhere R^, R4 = H; R2, 
Rg s CI; Rg = SCHg Cg Hg; Rg » p-D-ribofuranosyl (denoted compound 54 In the text); 

2-chlbro-5,6<libromo-1-(p-D-ribofuranosyl)ben2lmlda2ole where R^, R4 = H; R2, Rg 
10 = Br; Rg « CI; Rg = p-D-ribofuranosyl (denoted compound 57 In the text); 

2-chloro-5,6-difluoro-1-(p-D-rlbofuranosyl)bendmIdazole where R^, R^ = H; Rg. Rg 
= F; Rg = CI; Rg = p-I>ribofuranosyl (denoted compound 65 in the text); 

2,5<JichIoro-6-fluoro-1-p-D-ribofuranosyIbenzlmidazole (2,5) and 2,6<llchloro-5- 
fluoro-l-p-D-ribofuranosylbenzimidazole (2,6) where R,, R4 = H; R2, Rg = Q; Rg = F; Rg 
15 - p-D-r!bo1uranosyl (denoted compound 65a in the trad); 

2,6<llchloro-1-(p-D-rlboluranosyl)ben2lmldazole where R^, Rg, R4 = H; Rg, Rg = CI; 
Rg = p-D-ribofuranosyl (denoted compound 67 In the texQ; 

4,6<lichloro-2-trHluoromethyl-1-(p-D-rlbofuranosyObenzlmldazoIe where F^, R4 = H; 
Ri. R3 = Ci; Rg e CFg; Rg « p-D-rlbofuranosyl (denoted compound 81b In the text); 
20 2,4-dlchloro-l -(p-D-rlbofuranosyl)-6-lrHluoromethylbenzlmida20lewhere Rg, R4 = H; 

Hp Rg = CI; Rg = CFg; Rg * p-D-rlbofuranosyl (denoted compound 81c In the text); 

5- bromo-2-chloro-1-(p-D-ribofuranosyl)benzimidazole where R^, Rg, R4 = H; = 
Br; Rg = a; Rg = p-D-iibofuranosyl (denoted compound 87 in the text); 

6- bromo-2HChloro-1-(p-l>fibofuranosyl)benzlmidazole where R|, Rg, R4 = H; Rg = 
25 Br; Rg » CI, Rg s p-D-ribofuranosyl (denoted compound 90 in the text); 

1- (P-D-riboftiranosyl)-2,4,5.&-tetrachlorobenzimldazole where R4 =» H; R^, Rg, R3,Rg 
= CI; Rg = p-D-ribofuranosyl (denoted compound 92 in the text); 

2- chloro-1-(p-D-ribofuranosyl)-4,5,64ribromobenzimldazole where R4 = H; R^, Rg, 
Rg = Br; Rg = CI; Rg = p-D-ribofuranosyl (denoted compound 103 In the texl); 

30 2-amIno-5,6Kjlchloro-1-(2-deoxy-p-D-erythro-pentafuranosyl)ben2imldazole where 

Rv R4 = H; Rg, Rg = CI; Rg «» NHg; Rg = 2'-deoxy-p-D-ribofuranosyl (denoted compound 
113 in the text); 

2,5,6-trichIoro-1-(p-D^rabinofuranosyl)benzlmidazoIe where R^, R^ = H; F^, Rg, Rg 
= CI; Rg = p-D-arablnofuranosyl (denoted compound 134 In th trad); 
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2,4,5,6,7-pentachloro-1 -[(1 ,3<lihydro)cy-2i)ropoxy)methyllbenzlmicla20le where , 
Rg, R3, R4, R5 = CI; = (1,3-dIhydroxy-2-propox/)methyl (denoted compound 155 in the 
text); 

2^ino4,5,6,74etrachloro-1 -[(1 ,3-dihydroxy-2-propoxy)methyl]benzinrida2ole where 
5 Ri . R2. R3. R4 = CI; R5 = NHg; Re = 0 ,3-dihydroxy-2-propoxy)methyl (denoted compound 
156 in the text); 

2,4,5,6,7-pentachloro-1-(2-hydroxyethoxymethyl)ben2imldazole where R^, Rg, R3, 
R4. R5 « CI; Rg = 2-hydroxyethoxymethyl) (denoted compound 166 In the text); 

2-methoxy-4,5,6,7-tetrachloro-1-(2-hydroxyethoxymethyl)benzlmidazole where R^, 
10 Rg, R3, R4 = CI; R5 « OCH3; Rg = 2-hydroxyethoxymethyl (denoted compound 166a In 
the text); 

2-amino-4,5,67-tetrachloro-1-(2-hydroxyethoxymethyl)ben2imlda2^ R^. R2, 
R3, R4 = CI; R5 = NHg; Re = 2-hydroxyethoxymethyl (denoted compound 167 in the text); 

2-amino-1-benzyl-5,6<lichloroben2imldazole where R^, R4 = H; R3 = CI; R5 = 
1 5 NHg; Re = benzyl (denoted compound 182 In the text); 

1 -(5-0-acetyI-p-D-ribofuranosyl)-2,5,64richlorobenzimidazole where R|, R4 = H; R2, 
R3, R5 » G; Re = 5-0-acetyl-p-D-ribofuranosyl (denoted compound 42a in the text); 

1- (5-0-acetyl-p-D-ribofuranosyl)-2-bromo^,6-dlchlorobenzimldazole where R^, R4 
= H; Rg, R3 = CI; R5 = Br; Re - 5-0-acetyl-p-D-ribofuranosyl (denoted compound 52b in 

20 the text); 

2,5,6-trichloro-t-(2,3,5-tri-0-acetyl-p-D-ribofuranosyi)benzimidazole where R^, R4 = 
H; Rg, Rst R5 = CI; Re = 2,3,54rI-0-acetyl-p-D-ribofuranosyl (denoted compound 42 in the 
text); 

2- bromo-5,6Hdichloro-1-(2,3,54rl-0-acetyl*p-DHlb^ where R^, 
25 R4 « H; Rg, R3 = CI; Rg = Br; Re = 2,3,5-trl-O-acetyl-p-D-ribofuranosyl (denoted 

compound 52a in the text); 

and operative combinations thereof. 

Preferred compounds in the practice of the compositions and methods of the 
present invention include: 
30 2,5,6-trichloro-1-(p-D-ribofuranosyl)ben2lmldazo!e where R^, R4 H; Rg. R3. R5 = 

CI; Rg ~ p-D-ribofuranosyi (denoted compound 45 in the text); 

5,6<lichloro-2-bromo-1-(p-D-ribofuranosyl)ben2imidazole where R^, R4 = H; Rg, R3 
=: ci; R5 = Br; Rg = p-D-ribofuranosyl (denoted compound 52 In the text); 

2-chloro-5,6^inltro-1-(p-D-rlbofuranosyl)ben2lmida2ole where R^, R4 » H; Rg, R3 = 
35 NOg; R5 = CI; Re = p-D-ribofuranosyl (denot d compound 61 in the text); 
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2AWridiloro-1-(p-D-ribofuranosyObenamidazol9 where Rg, R4 = H; R^, R3, R5 = 
CI> ^ = p-D-ribofuranosyl (denoted compound 81 in the text); 

5,6^chloro-2^odo-1-(p-l>fibofijranosyl)ben2imldazole where R,, R4 = H; Hg, R3 = 
CI; R^ = I; Rg = p-D-ribofuranosyl (denoted compound 83a In the text); 
5 2-chloro-4^5-dibromo-1 -(p-D-ribofuranosyObenzimidazole where R3, R4 = H; R^ , Rg 

= Br; R5 = CI; Rg = p-D-rlbofuranosyl (denoted compound 85 In the text); 

5- bromo-2,6-dlchloro-1-{p-D-ribofuranosyl)benzimidazole where R^, R4 = H; Rg = 
Br; R3. R5 = CI; Rg = p-EMbofuranosyl (denoted compound 95 in the text); 

6- bromo-2.5-dlchloro-1-(p-D-ribofuranosyl)ben2lmida20le where R^, R4 = H; Rg, R5 
10 = a; R3 = Br; = p-D-ribofuranosyl (denoted compound 99 In the text); 

2-chloro-5,6^iiodo-1-(p-D"ribofuranosyl)ben2lmidazole where R-,, R^ = H; Rg, R3 = 
I; R5 = a; Rg = p-D-ribofuranosyl (denoted compound 107 In the text); 

2,5,6-trichIoro-1-(2'-deoxy-p-[>ribofuranosyObenzlmida20le where R^, R^ = H; Rg, 
^^3' R5 = CI; Rg = 2'-deoxy-ribofuranosyl (denoted compound 111 In the text); 
1 5 5,6-dichloro-2-bromo-1 -{2'-deoxy-p-D-ribofuranosyl)benzimidazoIe where R^, R4 « 

H; Rg, R3 = CI; Rg = Bn Rg = 2'-deoxy-ribofuranosyl (denoted compound 112 In the text); 

2-bromo-5,6-d!chlorobenzlmidazole where R^, R4, Rg = H; Rg, R3 = CI; Rg = Br 
(denoted compound 7 In the text); 

2-chIoro-5-nitrobenzimidazole where R^, R3, R4, Rg = H; Rg = NOg; Rg = CI 
20 (denoted compound 19 in the text); 

2-chloro-5(6)-lodo-6(5)-nitroben2imldazole where R^, R4, Rg = H; Rg = I; R3 = NOg; 
Rg - CI (denoted compound 26 In the text); 

2,4,64ricrfiloroben2imIdazole where Rg, R4, Rg = H; R,, R^, Rg = CI (denoted 
compound 32 in the text); 
25 2-ben2ylthio-5,6-dichloro-1 -(p-D-rlbofuranosyI)benzimidazole where R-| , R4 = H; Rg, 

R3 = CI; Rg = SCHg Cg Hg; Rg = p-D-ribofuranosyl (denoted compound 54 In the text); 

2-chloro-5,6<libromo-1-(p-DHibofurano3yl)benzimida20le where R^, R4 = H; Rg, R3 
= Br; Rg = CI; Rg = p-D-ribofuranosyl (denoted compound 57 in the text); 

2-chloro-5,6-difluoro-1-(p-D-ribofuranosyl)benzimida2ole where R^, R4 « H; Rg, R3 
30 = F; Rg = CI; Rg = p-D-ribofuranosyl (denoted compound 65 in the text); 

2.5- dichioro-6-fluoro-1-p-D-rlbofuranosylben2imidazole (2,5) and 2,6-dichloro-5- 
fluoro-l-p-D-ribofuranosylbenzimidazole (2,6) where R^, R4 = H; Rg, Rg = CI; R3 = F; F^g 
s p-D-ribofuranosyl (denoted compound 65a in the text); 

2.6- dichloro-1-(p-D-ribofuranosyl)ben2imidazole where R^. Rg. R4 = H; R3, Rg = CI; 
35 Rg = p-D-ribofuranosyl (denoted compound 67 in the text); 
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4,6-dichloro-2-trifluoromethyl-1 -(p-D-ribofuranosyl)bertzlmlclazolB where Rg, R4 = H; 
R^, R3 = a; R5 = CF3; Rfi = p-D-ribofuranosyl (denoted compound aib in the text); 

2,4-dichloro-1-(p-0-ribofuranosyl)'6-trmuoromethylbenzimidazolew^ R4 = H; 
Rv R5 = CI; R3 = CF3; = p-D-ribofuranosyl (denoted compound 81c In the text); 
5 S-bromo-2-chloro-1-(p-D-ribofuranosyl)benzimldazole where R^ R3, R4 = H; Rg = 

Br; R5 = CI; Rg = p-D-ribofuranosyl (denoted compound 87 In the text); 

6-bromo-2-chloro-1-(p-D-ribofuranosyl)benzimidazole where R^, Rg, R4 = H; R3 - 
Br; R5 = CI, = p-D-rlbofuranosyl (denoted compound 90 In the text); 

1- (p-D-rlbofuranosyl)-2,4,5,64etrachloroben2imlda2ole where R4 = H; R^, Rg, R3, R5 
10 = CI; Rfi = p-D-ribofuranosyl (denoted compound 92 in the text); 

2- chloro-1-(p-D-rlbofuranosyl)-4,5,6-tribromoben2imida2ole where R4 = H; R^, Rg, 
R3 « Br; R5 = 01; Rg = p-D-ribofuranosyl (denoted compound 103 In the text); 

2-amino-5,6-dichloro-1 -(2-deoxy-p-D-erythro-pentafuranosyl)benzimidazole where 
Rv R4 = H; Rg, R3 « CI; R5 = NH2; Re = 2'-deoxy-p-D-ribofuranosyl (denoted compound 
15 113 in the text); 

2,5,6-trichioro-1-(p-D-arablnofuranosyl)benzlmida2ole where R^ R4 - H; Rg, R3, R5 
= CI; Rg = p-D-arabinofuranosyl (denoted compound 134 in the text); 

2,4,5.6,7-pentachIoro-1 -[(1 ,3-dihydroxy-2-propoxy)methyl]benrimldazole where R, , 
R2» Rst R4' R5 = CI; Rg = (l,3-dlhydroxy-2-propoxy)methyl (denoted compound 155 In the 
20 text); 

2-amino-4,5,6.7-tetrachloro-1 -[(1 ,3<lihydroxy-2-propoxy)methyObenzimidazole where 
Rv R2» = CI; R5 = NHg; Re = (1,3-dihydroxy-2-propoxy)methyl (denoted compound 
156 in the text); 

2-methoxy-4,5,6,7-tetrachloro-1-(2-hydroxyethoxymethyl)bGnzimldazole where R-,, 
25 R2, R3, R4 = CI; R5 = OCH3; Rg = 2-hydroxy6thoxymethyl (denoted compound 166a In 
the text); 

2-amino-4,5,6,7-tetrachloro-1 -(2-hydroxyethoxymethyl)ben2imidazole where , Rg, 
R31 R4 CI; Rg = NHgl Re ^ 2-hydroxyethoxymetl^l (denoted compound 167 in the text); 
2-amino-1-benzyl-5,6-djchloroben2lmidazole where Rv R4 = H; Rg, R3 = CI; R5 = 
30 NH2; Re benzyl (denoted compound 182 In the text); 

1-(5-0-acetyl-p-D-ribofuranosyl)-2,5.6-trichlorobenzlmida2ole where Rv R4 = H; Rg, 
R3, R5 = CI; Re = 5-0-acetyl-p-D-ribofuranosyl (denoted compound 42a in the text); 

1-(5-0-acetyl-p-D-rlbofuranosyl)-2-bromo-5,6-dichlorobenzimidazole where R^, R4 
= H; Rg. R3 = CI; R5 = Br; Rg = 5-O-acetyl-p-D-ribofuranosyl (denoted compound 52b In 
35 the text); 
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2.5,6-trichloro-l -(2,3,54riO-^ce1yl-p-D<ibofuranosyl)benzlmlda2ole wh re , R4 = 
H; R2. R3. R5 = O; Re = 2,3,54rl-0^cetyl-p-D-ribofuranosyI (denoted compound 42 In the 
text); 

2*romo-5i6^chloro-1-(2.3,54ri<>-aoetyl-p4>^ where R^, 

5 R4 = H; Rg, R3 « CI; R5 « Br; « 2,3,5*l-0-acetyl-p-D-rIbofuranosyl (denoted ^ 
compound 52a In the text); 

and operative combinations thereof. 

More preferred compounds In the practice of the compositions and methods of the 
present invention include: 
10 2,5,B-trichloro-1-(p-D-rlbofuranosyObenzlmldazole where R-|, R4 = H; Rg, R3, Rg = 

CI; Rg = p-D-ribofuranosyl (denoted compound 45 in the text); 

5,6KJIchloro-24}romo-1-(p-D-rlbofurano3yl)benzlmldazole where R^, R^ = H; Rg, R3 
= CI; R5 = Bn Re = p-D-ribofuranosyi (denoted compound 52 in the text); 

2-chloro-4,5-dibromo-1-(p-D-ribofuranosyl)benzimldazole where R3, R^ = H; R^, Rg 
15 = Br; R5 CI; Re = p*D-ribQfuranosyi (denoted compound 85 In the text); 

2,5,64rlchloro-1-<2'-deoxy-p-[>Hibofuranosyl)benzimldazole wh R|, R^ = H; Rg, 
R^, R5 = CI; Rg « 2'-deoxy-ribofuranosyl (denoted compound ill in the text); 

2-benzyfthlo-5,6KlichIoro-1-(p-[)-ribofuranosyl)benzlmldazolew^ R^, R4 = H; Rg, 
R3 = CI; R5 == SCHgCgHg; Rg = p-D-ribofuranosyl (denoted compound 54 In the texl); 
20 2-chloro-5,Mifluoro-1-(p-D-ribofuranosyl)ben2imldazole where R^, R4 = H; Rg, R3 

= F; Rg = CI; Rg = p-D-ribofuranosyl (denoted compound 65 In the text); 

2,5-dichloro-&fluoro-1-p-D-ribofuranosylbenzimidazole (2,5) and 2,6-dlchloro-5- 
fluoro-l-p-D-ribofuranosylbenzimldazole (2.6) where R^, R4 = H; Rg, R5 = CI; R3 = F; Rg 
= p-D-ribofuranosyl (denoted compound 65a In the text); 
25 2,4<lichloro-1-(p-I>Tibofuranosyl)-6-trifluoromethylben2lmldazole whereR^^ R4 = H; 

R^, R5 = a; R3 == CF3; Rg = p-D-ribofuranosyl (denoted compound 81c In the text); 

5- bromo-2-chloro-1-(p-D-ribofuranosyl)ben2imldazole where R^, R3. R4 « H; Rg = 
Br; Rg = CI; Rg = p-D-n'bofuranosyl (denoted compound 87 in the text); 

6- bromo-2-chloro-1-(p-D-ribofuranosyl)ben2imidazole where R^, Rg, R4 = H; R3 = 

30 Br; R5 = CI; Rg = p-D-ribofuranosyt (denoted compound 90 in the text); ^ 
1 -(p-D-rlbofuranosyO-2.4,5,6-teUachloroben2imida2ole where R4 « H; R^, Pg,R3, Rg 
= CI; Re - p-D-ribofuranosyl (denoted compound 92 irt the text); * 

2«Tiino^,5,B,7-l0trachloro-1-[(1 ,3<fihydroxy-2-propoxy)methyl]benzlmida20le where 
Rv f^. R3- R4 " ^'5 = NHg; Re = (1 .3-dihydroxy-2-propoxy)methyl (denoted compound 
35 156 In the texl); 
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2-amino-1-benzyl-5,6-dlchlorobenzlmidazole where R-f, R4 = H; Rg, R3 = CI; R5 = 
NH2; Re = benzyl (denoted compound 182 in the text); 
and peratK/e combinations thereof. 

The present invention also comprises novel potysubstituted benzimidazoles, and, 
5 as later described, their synthesis and use in medicaments and methods of treatment. 
Novel potysubstituted benzimidazoles of the present invention Include compounds 52, 61 , 
83a, 85. 95, 99, 107, 111, 112, 7, 12c, 13, 19, 26, 32. 41, 41c, 57, 65, 65a, 67, 81b. 81c, 
87. 90, 92, 103. 113, 134, 182, 42a, 52b, 42. 52a, 81, 155, 156. 166, 166a, 167 of the 
above-described group. The structures of compounds 81, 155, 156. 166. 166a, and 167 

1 0 were depicted in Abstracts submitted to the April 1 990 meeting of the American Chemical 
Society in Boston. Massachusetts. The structures of compounds 45, 44 and 54 were also 
previously proposed In Tcwnsend et al., Chem. Reviews 70:389 (1970) and Smith et al.. 
Cancer Treat Rep. 60:1 567-1 584 (1 976). but without a description of synthesis and without 
recognition of any antiviral activity or therapeutic value as antiviral agents. Preferred novel 

15 compounds of the present invention include compounds 52, 85, 111, 65, 65a, 81c 87, 90, 
92 and 182. 

B. Pharmaceutical Compositiona and Administration 

The polysubstituted benzimidazoles used In the practJce of the present invention 
all exhibit antiviral activity, many with acceptable cytotoxicity. It will be appreciated that 

20 compounds of the present invention which exhibit relatively high antiviral activity versus 
cytotoxicity, Le. good selectivity, are preferred. It v^ll also be appreciated that antiviral 
treatment in accordance with the present invention encompasses the treatment of viral 
Infections, as well as prophylactic treatment which may be desired in certain situations, 
e.g. in immuno-compromised patients, such as bone marrow transplant patients. 

25 The polysubstituted benzimidazoles of the invention have been demonstrated as 

particularly effective against viruses of the herpes family. They are thus useful in treatment 
against human cytomegalovirus (HCMV) and herpes simplex viruses types 1 and 2. Otiier 
viruses contemplated to be treated within the scope of the present invention include, but 
are not limited to: varicella-zoster vims (varicella; zoster, chicl^enpox; shingles); Epsteln- 

30 Barr virus (infectious mononucleosis; glandular fever; and Burk'ittis lymphoma); HI4V6; 
human immunodeficiency virus (HIV) and hepatitis viruses. 

The compounds and compositions of the present invention can be used In the 
manufacture of medicaments and in antiviral treatment of humans and other animals by 
administration in accordance with conventional procedures, such as an active ingredient 

35 in pharmaceutical compositions. The compounds of the invention can be provided as 
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pharmaceutlcally acceptable formulaflcns and/or "prodrugs," indudirtg but not limited to 
esters, especially carboxylic acid esters (perferably to Cg^, such as 5'- acetyl and 
2',3',5'4riacetyl prodrugs (e.g. compounds 42a, 52b, 42 and 52a) and pharmaceutical 
salts such as thiolate. citrate and acetate salts. 
5 The pharmaceutical compositions can be adminlsteredtopicaily, oral^. or parentally 

and may take the form of tablets, lozenges, granules, capsules, pills, ampoules or 
suppositories. They may also tatce the form of ointments, gels, pastes, creams, sprays, 
lotions, suspensions, solutions and emulsions of the active Ingredient in aqueous or 
nonaqueous diluents, symps. granulates or powders. In addition to a compound of the 

10 present invention, the pharmaceutical compositions can also contain other 
. pharmaceutically active compounds or a plurality of compounds of the invention. 

More particularly, a compound of the fomiida of the present Invention also referred 
to herein as the active ingredient, may be administered for therapy by any suitable route 
including oral, rectal, nasal, topical (including transdemal, buccal and sublingual), vaginal, 

15 parental pnduding subcutaneous. Intramuscular, fntravenous and Intrademtai) and 
pulmonary. It will also be appreciated that the preferred route wffl vary with the condition 
and age of the recipient and the nature of the Infection. 

In general, a suitable dose for each of the above-named viral Infections, e.g., CM\f, 
EBV, and HHV6 infecUons, is in the range of about 0.1 to about 250 mg per Idlogram body 

20 weight of the recipient per day, preferably in the range of about 1 to about 1 00 mg per 
i<ilogram body weight per day and most preferably In the range of about 5 to about 20 mg 
per kilogram body weight per day. Unless othenwise Indicated, all weights of active 
ingredient are calculated as the parent compound of the formula of the present Invention 
for salts or esters thereof, the weights would be Increeeed proportionately. The desired 

25 dose is preferably presented as two, three, four, five, six or more sub-doses administered 
at appropriate inten/als throughout the day. These sub-doses amy be administered In unit 
dosage fonns, for example, coritaining about 10 to about 1000 mg, preferably about 20 
to about 500 mg, and most preferably about 1 00 to about 400 mg of active ingredient per 
unit dosage form. It will be appreciated that appropriate dosages of the compounds and 

30 compositions of the invention may depend on the type and severity of tlie vfral Infection 
and can vary from patient to patient. Detemninlng the optimal dosage will generally Involve 
the balancing of the level of therapeutic benefit against any risk or deleterious side effects 
of the antiviral treatments of the present invention. 

Ideally, the active Ingredient should be administered to achieve peak plasma 

35 concentrations of the activ compound of from about 0.25 to about 100|tM, preferably 
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about 0.5 to about 70(iM, most preferably about 1 1 about 50|iM. This may be achieved, 
for example, by the Intravenous injection of about 0.1 to about 5% solution of the active 
ingredi nt, opti nally in salin , or orally administered, for example, as a tablet, capsule or 
syrup containing about 0.1 to about 250 mg per kilogram of the active ingredient 
5 Desirable blood levels may be maintained by a continuous infusion to provide about 0.01 
to about 5.0 mg/lcg/hour or by intennrttent infusions containing about 0.4 to about 15 mg 
per l^llogram of the active ingredient. 

While it is possible for the active ingredient to be administered alone, it is preferable 
to present it as a pharmaceutical formulation comprising at least one active Ingredient, as 
10 defined above, together with one or more phannaceutically acceptable carriers therefor 
and optionally other therapeutic agents. Each carrier must be 'Acceptable" in the sense 
of being compatible with the other ingredients of the formulation and not injurious to the 
patient. 

Formulations Include those suitable for oral, rectal, nasal, topical (including 

15 transdermal, buccal and sublingual), vaginal, parenteral (including subcutaneous. 
Intramuscular, intravenous and intradermal) and pulmonary administration. The 
formulations may conveniently be presented in unit dosage lorn and may be prepared by 
any methods well Icnown in the art of pharmacy. Such methods include the step of 
bringing into association the active ingredient with the carrier which constitutes one or 

20 more accessory ingredients. In general, the formulations are prepared by uniformly and 
intimately bringing Into association the active ingredient with liquid carriers or finely divided 
solid carriers or both, and then if necessary shaping the product. 

Formulations of the present invention suitable for oral administration may be 
presented as discrete units such as capsules, cachets or tablets, each containing a 

25 predetermined amount of the active ingredient; as a powder or granules; as a solution or 
suspension in an aqueous or non-aqueous liquid; (|[ as an crii-in-water liquid emulsion or 
a water-in-oll liquid emulsion. The active ingredient may also be presented a bolus, 
electuary or paste. < 

A tablet may be made by compression or moulding, optionally with one or more 

30 accessory Ingredients. Compressed tablets may be prepared by compressing in a suitable 
machine the active ingredient in a free-flowing form such as a powder or granules, 
optionally mixed with a binder (e.g., povidone, gelatin, hydroxypropylemthyl cellulose), 
lubricant, inert diluent, presen^ative, disintegrant (e.g., sodium starch glycollate, cross- 
linked povidone, cross-linked sodium carboxmethyl cellulose) surface-active or dispersing 

35 agent. Moulded tabi ts may be made by moulding in a suitable machine a mixture of the 
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powdered comp und moistened with an inert liquid diluent The tablets may optionally be 
coated or scor d and may be formulated s as to provide slow or controlled release of the 
active Ingredient therein using, for example, hydroxypropylmethyl cellulose In varying 
proportions to provide the desired release profile. Tablets may optionally be provided with 
5 an enteric coating, to provide release in parts of the gut other than the stomach. 

Fonnuliatidns suitable for topical administration in the mouth include lozenges 
comprising the active ingredient in a flavored basis, usually sucrose and acacia or 
tragacanth; pastilles comprising the active ingredient in an inert basis such as gelatin and 
glycerin, or sucrose and acacia; and mouthwashes comprising the active ingredient in a 

10 suitable liquid carrier. 

Phanmaceutical compositions for topical administration according to the present 
Invention may be formulated as an oirrtment, cream, suspension, lotiont powder, solution, 
past, gei, spray, aerosol or oil. Alternatively, a formulation may comprise a patch or a 
dressing such as a bandage or adhesive piaster impregnated with active ingredients and 

1 5 optionally one or more exdpients or diluents. 

For infections of the eye or other external tissues, e.g., mouth and sWn, the 
formulations are preferably applied as a topical ointment or cream containing the active 
ingredient In an amount of, for example, about 0.075 to about 20% w/w, preferably about 
0.2 to about 25% wM and most preferably about 0.5 to about 1 0% w/w. When formulated 

20 in an ointment, the active ingredient may be employed with either a parafflnic or a water- 
miscible ointment base. Alternatively, the active ingredients may be formulated in a cream 
with an oil-in-water cream base. 

If desired, the aqueous phase of the cream base may include, for example, at least 
about 30% w/w of a polyhydric alcohol, i.e., an alcohol having two or more hydroxyi 

25 groups such as propylene glycol, butane-1,3-diol, mannitoi, sortDitol, glycerol and 
polyethylene glycol and mixtures thereof. The topical fonnulations may desirably include 
a compound which enhances absorption or penetration of the active ingredient through 
the sicin or other affected areas. Examples of such dermal penetration enhancers include 
dimethylsulphoxide and related analogues. 

30 The oily phase of the emulsions of this invention may be constituted from known 

ingredients in an ktiovm manner. While this phase may comprise merely an emulsifier 
(othenwise known as an emulgent), it desirably comprises a mixture of at lease one 
emulsifier with a fat or an oil or with both a fat and an ofl. Preferably, a hydrophilic 
emulsifier is included together with a lipophilic emulsifier which acts as a stabilizer. It is 

35 also preferred to includ both an oil and a fat Together, the emulsifier(s) with or without 
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stabilizer(s) make up the so-caHed emulsHying wax, and the wax together wtth the oil 
and/orfatmakeupth so-call d emulsifying ointment base which forms the liy dispersed 
phase of the cream fomnuiations. 

Emulgents and emulsion stabilizers suitable for use in the formulation of the present 
5 invention include Tween 60, Span 80, cetostearyl alcohol, myristyi alcohol, gtyceiyl 
monostearate and sodium lauryl sulphate. 

The choice of suitable oils or fats for the formulation Is based on achieving the 
desired cosmetic properties, since the solubility of the active compound in most oils likely 
to be used in phamnaceutical emulsion formulations is very low. Thus the cream should 

1 0 preferably be a non-greasy, non^taining and washable product with suitable consistency 
to avoid leakage from tubes or other containers. Straight or branched chain, mono- or 
dibasic alkyi esters such as di-isoadipate, isoceiyi stearate, propylene glycol diester of 
coconut fatty acids, isopropyl myristate, decyl oleate, isopropyl palmrtate, butyl stearate, 
2-ethylhexyl paimitate or a blend of branched chain esters known as Crodamol CAP may 

15 be used, the last three being preferred esters. These may be used alone or In 
combination depending on the properties required. Attematively, high melting point lipids 
such as white soft paraffin and/or liquid paraffin or other mineral oils can be used. 

Formulations suitable for topical administration to the eye also Include eye drops 
wherein the active ingredient is dissolved or suspended in a suitable carrier, especially an 

20 aqueous solvent for the active ingredient. The active ingredient is preferably present in 
such formulation in a concentration of about 0.5 to about 20%, advantageously about 0.5 
to about 10% particularly about 1.5% w/w. 

Formulations for rectal administration may be presented as a suppository with a 
suitable base comprising, for example, cocoa butter or a salicylate. 

25 Formulations suitable for vaginal administration may be presented as pessaries, 

tampons, creams, gels, pastes, foams or spray formulations containing in addition to the 
active ingredient, such can'iers as are known in the art to be appropriate. 

Formulations suitable for nasal administration, wherein the carrier is a solid, include 
a coarse powder having a particle size, for example, in the range of about 20 to about 500 

30 microns which is administered in the manner in ^ich snuff is taken, /.e., by rapid 
Inhalation through the nasal passage from a container of the powder held close up to the 
nose. Suitable formulations wherein the carrier is a liquid for administration as, for 
example, a nasal spray or a nasal drops, include aqueous or oily solutions of the active 
ingredient 
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FormulaUons suitable for parenteral administration Indude aqueous and n n- 
aque us Isotonic stenle injecBon solutions wtiich may contain anti-oxidant8» buffers, 
bacteriostats and solutes which render the fonnulation isotonic with the blood of the 
Intended recipient; and aqueous and non-aqueous sterile suspensions which may include 

5 suspending agents and thidcening agents, and liposomes or other micorparticulate 
systems which are designed to target the compound to blood components or one or more 
organs. The formulations may be presented in unit-dose or muKMose seeded containers, 
for example, ampoules and vials, and may be stored in a freeze-dried (lyophiiized) 
condition requiring only the addition of the sterile liquid carrier, for example water for 

1 0 injections, Immediately prior to use. Extemporaneous injecHon solutions and suspensions 
may be prepared from sterile powders, granules and tablets of the kind previously 
described. 

Prefen-ed unit dosage formulations are those containing a daily dose or unit, daily 
subdose, as herein ^ve-redted, or an appropriate fraction thereof, of an active 
15 ingredient. 

It should be understood that In addition to the ingredients particulariy mentioned 
above, the formulations of this invention my indude other agents conventional in the art 
having regard to the type of formuliation in question, for example, those suitable of oral 
administration my indude such further agents as sweeteners, thickeners and flavoring 
20 agents. 

Compounds of the formula of the present invention may also be presented for the 
use in the form of veterinary formulations, which may be prepared, for example, by 
methods that are conventional in the art. 
C. Methods of Synthesis 
25 The present invention also comprises methods of synthesis of poiysubstituted 

benzimidazoles of the inventton. Tlie present invention provides a process for the 
preparation of polysubsHtuted benzimidazdes of the following fonnula: 




R4 fW 



(I) 



wherein 
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R, is H. Rg is CI, R3 is CI, R4 Is H, R5 Is Ci and Rg Is p-D-rlbofuranosyl (denoted 
compound 45 In the text) ; 

R, Is H, Is CI, R3 is a, R4 Is H, Rg is Br and Rg Is p-D-ribofuranosyl (denot d 

compound 52 in the text); 
5 R, is H,R2 is N02,R3 Is N02,FV, Is H,R5 Is CI and Rg Is p-D-rlbofuranosyl (denoted 

compound 61 in the text); 

R^ Is a, Rg Is H, Rg Is a, R4 is H, Rg Is CI and Rg Is p-D-ribofuranosyl (denoted 
compound 81 in the text); 

R^ Is H, Rg Is a, Fig is a, R4 is H, Rg Is I and Rg Is p-D-ribofuranosyl (denoted 
10 compound 83a in the text); 

R| Is Br, Rg Is Br, R3 is H, R4 is H, Rg Is a and Rg is p-D-ribofuranosyi (denoted 
compound 85 in the text); 

R^ Is H, Rg Is Br. R3 is CI, R4 Is H, Rg is CI and Rg is p-D-rlbofuranosyl (denoted 
compound 95 In the text); 
15 R, Is H, Rg is a, R3 is Br. R4 Is H, Rg is CI and Rg is p-D-rlbofuranosyl (denoted 

compound 99 in the text); 

R^ is H, Rg is I, Rg is I, R4 is H, Rg Is CI and Rg is p-D-rlbofuranosyl (denoted 
compound 107 in the text); 

R^ is H, Is CI. Rg Is Ci, R4 Is H, Rg is CI and Rg Is 2'-deoxy-ribofuranosyl 
20 (denoted compound 1 1 1 In the text); 

R, Is H, Rg is CI, Rg Is CI, R4 is H, Rg Is Br and Rg Is 2'-deoxy-rlbofuranosyl 
(denoted compound 1 12 In the text); 

R^ is H, Rg is CI, Rg is CI, R4 is H, Rg is Br and Rg Is H (denoted compound 7 in 
the text); 

25 R^ is H, Rg is Ci, Rg is F, R4 is H, Rg is CI and Rg Is H (denoted compound 12e In 

the text); 

Rf Is CI, Rg is CI, Rg CI, R4 Is H, Rg is CI and Rg is H (denoted compound 13 in 
the text); 

R^ Is H, Rg is NOg, Rg is H, R4 Is H, Rg is CI and Rg is H (denoted compound 19 
V 30 in the text); 

R^ is H, Ftg Is I, Rg Is NOg. R4 is H, Rg Is CI and Rg Is H (denoted compound 26 in 
* the text); 

R^ is CI, Rg is H, Rg is CI, R4 Is l-l, Rg Is Ci and Rg is IH (denoted compound 32 in 
the text); 
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is H, is i, R3 is I, R4 is H, R5 is CI and Rg is H (denoted compound 41 in tlie 

texl); 

R| is CI, Rg is H. R3 is CF3. R4 is H, R5 is Ci and Rg is H (den ted compound 41 
in the texQ; 

5 R^isH, RgisCI. RgisCt, R^isH, RgisNiH2and Rgisp-D-ribofuranosyl(denoted ' 

compound 44 in the text); 

R^ is H, is CI, R3 Is Ci, R4 Is H, R5 Is SCI^ Cg Hg and Rg is p-EWboftiranosyl * 
(denoted compound 54 In the text); 

R^ Is H, Rg Is Br, R3 Is Br. is H. Rg is CI and Rg is p-D-rii3ofuranosyl (denoted 
1 0 compound 57 in the teai) ; 

Ri is H, Is F, Rg is F. R4 is H, Rg Is CI and Rg is p-lD-ribofuranosyl (denoted 
compound 65 in the text); 

R^ Is H, lis CI, is F, R4 Is H, Rg Is Ci and Rg is p-D-rlbofuranosyl (denoted 
compound 65a In the text); 
15 Ri is H, R2 is H, R3 is Ci, R4 Is H, R5 is CI and Fig Is p-D-ribofuranosyl (denoted 

compound 67 in the text); 

Ri is Ci, F^ is H, R3 Is CI, R4 Is H, Rg is CF3 and Rg is p-D-ribofuranosyl (denoted 
compound 81b in the text); 

R^ is Ci, is H, R3 Is CF3, R4 is H. Rg Is a and Rg Is p-D-ribofuranosyl (denoted 
20 compound 81 cin the text); 

R, is H, Rg is Br, R3 is H, R4 is H, R5 Is Q and is p-D-rlbofuranosyl (denoted 
compound 87 in the text); 

R^ is H, Rg is 1^, R3 is Br, R4 is l-i, Rg Is Ci and Rg is p-D-ribofuranosyl (denoted 
compound 90 in the text); 
25 Rv, is a, Rg Is a, R3 is Ci. R4 is H. Rg is Ci and Rg is p-Dflbofuranosyl (denoted 

compound 92 in the text); 

R^ is Br. Rg is Br, is Br. R4 is H. F^ is Ci and Rg is p-D-ribofuranosyl (denoted 
compound 103 in the text); 

R, is H, Rg is CI, R3 is Ci, R4 is H, Rg is NHg and Rg is 2'-deoxy-p-D-riboftjranosyl 
30 (denoted compound 113 in the text); 

R^ is H, Rg Is Ci. Rg is CI. R4 is H, Rg is CI and Rg is p-D-arabinofuranosyi (denoted 
compound 134 in the tract); « 

Rl is CI, Rg is CI, R3 is CI, R4 is CI, Rg is CI and Rg is (1 ,3^1lhydroxy-2- 
propoxy)methyl (denoted compound 155 in the text); 
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18 a. Ra is CI, R3 b CI. R4 CI. R5 is NH2 and Re is (1,3K«hydroxy.2- 
propoxy)methyl (denoted compound 156 In the text): 

R^ 18 CI. R2 Is CI. R3 is CI. R4 is a. R5 is CI and Re Is 2-hydroxyeth xymethyl 

(denoted compound 166 in the text); 
5 R^ Is CI. Rg Is CI. R3 Is CI. R4 18 a. Re Is OCH3 and Rg Is 24»ydroxyethoxymethyl 

(denoted compound 166a In the text); 

R, 18 CI. R2 is CI. Re Is CI. R4 is a. Rs is NHg and Re is 2-hydroxyethoxymethyl 

(denoted compound 167 In the text); 

Ri 18 H. Ra Is CI. R3 is a. R4 is H. Rg IS CI and Rg Is SO-acetyl-ll-DHibolijranosyl 

10 (denoted compound 42a In the text); 

R, 18 H, R2 Is a. R3 Is CI. R4 is H. R5 Is Br and Rg is BO-acetyl-p-D-ribofuranosyl 

(denoted compound 52b in the text); 

R, is H. R2 Is a. R3 Is CI. R4 Is H, R5 is a and Re Is 2.3.54ri-0-acetyl-p-D- 
rlbofuranosyl (denoted compound 42 In the texQ; 
15 R, is H. Rg is CI. R3 is CI. R4 is H. Rg is Br and Rg Is 2.3.5-tri-0-acetyl-|J-I>- 

ribofuranosyl (denoted compound 52a In the tod); 

which comprises reacting a compound olthe following tonnula: 




(II) 



wherein R,. Rg, R3, R4 and Rg are defined as above, with a protected compound of fonnula 
shown below, In which Rg* represents a protected carbohydrate or carbohydrale-like 
moiety and X represents a leaving group, and subsequently removing the protecting group 
from the moiety to form the desired compound. 

The compound of formula Rg'X is represented by the fonnula: 
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wherein X represents a leaving group such as a haio (e.g. chloro) or C,^ alkanoylox/ (e*g. 
acetoxy) group and R represents a hydroxy protecting group, for example, an acyl group 
such as C,^ alkanoyi (e.g. acetyl or aroyi, e.g. benzoyl. e,g. g^itrobenzoyl and the like. 

The reaction of the compound of formula II with the compound of formula R^'X may 
5 be effected in the presence of BSA, TMSOTf, BSTFA and the like, advantageously In a 
solvent such as acetonitrile, dichloroethane and the like. 

The removal of the protecting groups in the above process according to the 
invention may be effected, for example, by treatment with methanolic ammonia, boron 
trihaiide, sodium carbonate, potassium cyanide and the like. 
10 Additionally, compounds of formula II may be reacted with compounds of the 

formula: 

RVwX 

wherein R' « aralkyl 

to prepare a compound of general fonnula I, wherein R^ is benzyl rather than a 
1 5 carbohydrate or carbohydrate-like moiety, and wherein, e.g. R^ is H, R^, Is CI, R^ is H 
and Rg is NH^ or CL 

The compounds of the present Invention can be synthesized in accordance with 
the representative procedures described vide infra. In general, the appropriate 
benzimidazole was prepared and then conderised with the appropriate precursor for the 
20 ultimate R^ group as represented by the schemes and tables of Figures 1 and 2. This 
furnished polysubsfrtuted benzimidazoles which had potential antiviral activity, and were 
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also amenable toward subsequent chemical transformations to afford additional 
compounds. The solvents, reagents and reaction conditions for the preparation of some 
representative starting materials, Intermediate and target compounds are pr sented In 
detail below. The compound numbering in this section and specification refers to the 
5 reaction scheme and table numbers of the compounds. 

SPECIFIC EXAMPLES 

2. 5. 6-Trfchiorol3enzimlda2olef5) 
Method A(5> 

Asolutionof 5,6-dichlorobenzimidazoie-2-one (5g,2.6mmole) InTSmiof P0Cl3was 
1 0 heated at reflux for 5 hr. HCI gas was passed into the mixture for the last 1/2 hr. Excess 
POCI3 was removed in vacuo and the residue was decomposed vtdth HQ (150 mi). The 
brown solid was removed by filtration and washed with HgO (1 00 mi). The filtrate was 
made siowiy basic v\ith NH4OH. After cooling, the precipitate was filtered, the precipitate 
was dissolved in MeOH and an insoluble material was removed by filtration. The filtrate 
15 was evaporated under diminished pressure to dryness. The residue was applied to a 
column of silica gel (Kiesel Gel 70-230 mesh) and eluted with CH2CI2. The fi-actions 
containing the product (5) were combined, and evaporated to dryness. Yield 1.36g 
(25.0%). 

i Method BfS) 

20 A CuClg saturated aqueous solution (15 ml) was diluted to 25 ml with water. 

Sodium nitrite (1.035g, 5 mmole) was dissolved in 5 ml of water and slowly added to the 
CuClg solution. Aftertwo minutes, 2-amino-5,&<lichidrobenzimidazQie(4) (0.935g, 5 mmole) 
was slowly added In small portions. The mixture was stirred at room temperature for 1 hr. 
Excess CUCI2 solution was added and the mixture was heated on a steam bath for 1 hr. 

25 The aqueous solution was then extracted with ethyl-acetate (3 x 50 ml) and the organic 
layer was washed with brine, dried -with MgS04, concentrated, and separated on a silica 
column using 2% MeOH/CHCIg to afford 545 mg (49.5%) of 2,5,5-trlchlorobenzimldazole(5). 
^I-I NMR, TLC, and MS analysis were identical to the same compound obtained by Method 
A. 

30 Method Cf5) 

5,6-Dichlorobenzimidazole-2-thione (3) was prepared according to the method of 
Van Allen and Deacon, as described in Van Allen, J.A. et al., Org. Syn. IV:569. Carbon 
disulfide (84.5 mU 107.0 g, 1 .4 M) was added to a solution of KOH (92.4 g, of 85% purity, 
78.5 g, 1 A M) in EtOH (1 .5 L) and the resulting yellow solution was stirred without heating 

35 until a white predpitat was obtained. To obtain th product in good yield, potassium 
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ethyl xanthate must b prepared in situ. 4,5-D!chloro-1 ,2- phenylenediamine (201 .8 g, 1 .1 4 
M) dissolved in absoiut EtOH (3 1) was then added and th reaction mixture was heated 
under reflux for 24 hr. After cooling to room temperature the s Ivent was removed (caution 
- stench) under reduced pressure and the residue dissolved in (3.0 L). The solution 
5 was adjusted to pH 2 vwth AcOH to precipitate the product. This solid was collected by 
filtration, washed with H2O, and the solid was dried under reduced pressure at eo°C for 
48 hr to yield 236.4 g (94.6%) of 5,6-dichlorobenzlmidazole-2-thione (3), MP: 328-330*0. 
Also commercially available from Maybridge Chemical Company, Ltd., lit MP given as 
>32a'C. TLC: R, == 0.62 (CHCIg-MeOH, 10:1; SlOg). 

10 To a five liter three necic roundbottom flask fitted with an overhead stinrer and a 

reflux condenser was added (1500 mL) and sodium percarbonate commercially 
available from Fluka Corporation. (209.3 g, 1 .2 M, 90% pure). For a leading reference see 
Ando, T. et al., Chem. Letters 665-666 (1986). After a solution was obtained. 
5,6-dichIorobenzimldazole-2-thione (3) (131.5 g. 0.6 M) was added in several portions. 

1 5 (Caution: exothermic with foaming). After stining overnight, without healing, an additional 
21 g of sodium percarbonate was added and the mixture was heated under reflux until a 
dear solution was obtained. The hot soluflon was treated with charcoal, filtered through 
Celite, then cooled to 25°C in an ice bath. With cooling, concentrated HCI was added very 
carefully until pH 1 was obtained. The product precipitated as a white crystalline solid. 

20 After storing at S^'C for 24 hr, the precipitate was collected by filtration, washed with cold 
HgO (500 mL) tiien dried at BffC under reduced pressure for 20 hr to yield 1 35.0 g (84%) 
of 5,&<lichlorobenzimlda20le-2-sulfonic acid (9), MP: 353-354''C (eff.). 'TLC: Rj==0.27 
(CHCl3-MeOH, 4:1. SiOg). 

A modified procedure of Balli and Kersting procedure described in Belli, H. et sJ., 

25 JusUs Uebigs Am. Chem. 1 ;647 (1 961 ), was followed. A one liter three neck roundbottom 
flask was fitted wfth an over head stirrer and a reflux condenser connected to a gas 
scrubber. To the flask was added in order, phosphorus oxychloride (80 mL), phosphorus 
pentachloride (104.0 g, 0.5 M) and 5, 6-dlchlorobenzimida2:ole-2-sulfonlc acid (9) (66.8 g, 
0.25 M). The resulting mixture was carefully heated until an exothermic reaction occurred. 

30 The heat source was removed. When ttie reaction had subsided, ttie mixture was carefully 
heated to reflux. After all gas evolution had ceased (5 hr) tine mixture was protected from 
moisture and allowed to cool to 25°C. The resulting thick slurry was carefully added to 
cold HgO (2.5 L) containing some ice. Ice was added as needed. The aqueous mixture 
wasall wed to stand fori 8 hr at 5*»C while ttie product precipitated. The pH of ttie mixture 

35 was adjusted to pH 8 with cone, NH4OH tiien acldifled to pH 3 witti glacial AcOH. The 
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solid was collected by filtration, washed with HgO, then dried on the fitter. The material 
was dissolved in THF, treated with charcoal, then filtered through Celite. The solvent was 
removed under reduced pressure. The solid residue was dried at 6(rC under reduced 
pressure for IB hr to yield 39.9 g (72%) of 2,S,6-trichlorobenzimidazole (S). MP: 
5 212-214''C (eff. then solidifies). See Kawashima, E. et al., Nucleic Acid Chemistry: 
Improved and New Synthetic Procedures, Methods artd Techniques, eds. Townsend, LB. 
et aL, Wiley Intersdence New Yoric, NY, Part IV p. 96 (1991). TLC: Rj = 0.B9 (EtOAc; 
SIO2). Recrystallization from benzene-hexane raises the metting point to 223-224^*0. 
2>Amlno-5.6-dichloroben2imlda2ole (4). 

10 A modified procedure of the procedure described by Leonard, N.J., et al., J. Am. 

Chem. Soc. 69:2459 (1947), was followed. Cyanogen bromide (136.6 g, 1.3 M, 260 mL 
of a 5 M solution in CH3CN from) was added to a solution of MeOH (250 mL) in HgO (1 500 
mL). 4,5- Dichloro-1,2-phenylenediamine (available commercially from Aldrich Chemical 
Company) (222.4 g, 1.26 M) was then added in five portions, as the initial reaction is 

1 5 exothermic. The reaction mixture was sHnred without heating for 80 hr. then treated with 
activated charcoal (5 g). The 80 hr time period was for convenience alone, since the 
reaction is probably complete within 24 hr. After stirring for two hrs, the reaction mixture 
was filtered through Celite, The fitter cake was washed with MeOH (250 mL) and 1^0 (750 
mL) and the fitter cake was discarded. The fittrate was diluted wtth HgO (1.5 L), adjusted 

20 to pH 1Q wtth cone. NH4OH (1750 mL) and then allowed to stand overnight at ff*C. The 
precipitate (yellow leaflets) was collected by fittratlon, washed wtth and then dried 
under reduced pressure at 50°0 for 60 hr. Crude yield: 265 g. This product was purified 
by recrystallization from CH3CN to yield: 205.6 g (80.7%) of 4. MP: 264-266*^. TLC: 
= 0.22 (CHCIg-MeOH), 10:1; SiOg). See Homer, J.K. et al., J. Med. Chem. 11:946-949 

25 (1968), ift MP: 260-262^C. As an atternative, the crude material is dissolved In absolute 
ethanol, treated wtth activated charcoal, and the solution diluted wtth an equal volume of 
H2O and stored at 5X for 18-24 hr. 
2-Bromo-5.6-dichiorobenzlmldazole f7^ 
Method Am 

30 2-Amino-5,6-dichlorobenzimidazole (3 g, 16 mmole) was suspended in 150 ml of 

water and brought into solution with 2 ml of HBr. Sodium nttrtte (3.3 g, 55 mmole) was 
then added and the mixture was stirred at room temperature for 1 hr. Excess CuBr2 was 
then added and the mixture was heated on a steam bath for 1 hr. The aqueous solution 
was xtracted wtth ethyl acetate (3 x 100 ml), dried wtth MgS04, concentrated, and 

35 crystallized from ethyl ether to give 1 .1 3 g (26%) f 2-bromo-5,6-dichlorobenzimldazole (7). 
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NMR (DMSO-dg) » 7.8t ppm (s. 2H), 13.62 (s, 1H). GC/MS: m/e 266, 185. 158, 150, 
133. 124, 107, 97, 88, 73, 62, 52, 37. 
Method B (7) 

This preparation was based on work reported by Doyie et a!,, J. Org. Chem. 
5 422426 (1977). A two liter three neck roundbottom flask was fitted with an overhead 
stirrer and a reflux condenser with an attached bubbler. AcQtone (225 mL), that had been 
filtered through anhydrous magnesium sulfate, and isopentyl nitrite (25.1 mL, 29.2 g, 055 
M) were added and the resulting solution stirred for 5 min. CuBr2 (23.5 g, 0.105 M) was 
then added and stirring was continued for an additional 75 min to give a yellow-black 

10 solution. Powdered 2-«mino-5,6^ichlorobenzimidazole (3) (20.2 g, 0.1 M) was added in 
one portion and the mixture stin'ed writhout heating. Gas evolution was almost Immediate 
and very vigorous; the reaction was exothermic to the point that a gentle refiux was 
maintained. During this time, an orange solid began to separate. After 25 min, the rate 
of reflux began to decrease, and after 35 min was very slow. The mixture was then heated 

1 5 under reflux until gas evolution had almost ceased. The mixture was cooled for 20 min in 
an ice bath then treated with 48% aqueous HBr (100 ml) giving a black suspension. After 
stirring for 20 min, was added and an orange predpttate was obtained. Stirring was 
continued for 30 min and then the precipitate was removed by filtration. {CauUon - strong 
lachrymator, probably bromoacetone, present). The solid was suspended in HgO and the 

20 mixture adjusted to pH 7 with saturated NaHC03. The solid was collected by filtration 
washed with then dried at 50°C under reduced pressure for 18 hr to yield 20.9 g 
(79%) of crude (7). TLC: = 0.0, 0.36 (5,6-dichlorobenzimida2ol-2-one), 0.80 (7) 
(EtOAc-hexanes, 5:1; SiOg). TLC: Rf = EtOAc-hexanes. 5:1; SiOg). NMR: (DMSO-c^ 
d 7.804, s, 2H, H4, H7. UV (EtOH): pH7 224. 253, 260. 292, 299; pHl 21 1 , 251 , 289, 298; 

25 pHII 221,294,301. 

2.5.6-Trichloro-l -(2,3.5-trl-O^etvl-B-D-rlbofuranosvnbenzimidazole f42\. 

To a suspension of (5) (62.013 g, 280 mmol) In 1.4 L of dry MeCN under argon, 
was added 70 mL (280 mmol) of BSA. The reaction mixture was stirred at room 
temperature for 15 min to give a clear solution. To this solution were added 

30 1 ,2,3,S-TetraO-acetyl-p-D-rlbofuranose (89.096 g, 280 mmol) and then 60 mL (31 0 mmol) 
of TMSOTf was added dropwise over 20 min. After the addition had been completed, 
stirring was continued at room temperature for an additional 30 min. The reaction mixture 
was diluted with 4 L of EtOAc. The EtOAc solution was washed with 1:1 saturated 
aqueous NaHCOa/saturated aquenous NaCI (3x2 L). dried (with Na2S04, 100 g), 

35 decolorized (activated charcoal, 8 g) and filtered through Celite. The filtrate was 
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evaporated and the residue was recrystallized fr m MeOH to give 11&B8 g (3 crops, 87%) 
of (42) as white needles. The recrystallization was accomplished by heating the crude 
product in MeOH at reflux on a steam bath for a few minutes and th n decanting the 
supernatant while hot into a dean beaker. Immediate crystallization resulted. A second 
5 portion of fresh MeOH was added to the remaining solid and the whole process was 
repeated until all ofthe solid was dissolved. MP: 145-146*0. This product was pure by 
^H NMR. 

2.5.6-Trlchloro-1 B-D-ribofuranosvnbenzimidazole f4S) 
Method A (45^ 

1 0 2,5,6-Trichlorobenzimidazote (700 mg, 0.0032 moles) was dissolved in acetonitrile 

and BSTFA (1 ml, 0.0038 moles) was added. The mixture was heated at 75''C for 20 
minutes. TMSTf (1 ml, 0.0051 moles) and 1-0-acetyl-2,3,5-trl-0-benzoyl-p-D-ribofuranose 
(1 .9 g, 0.0038 moles) were added while heating was continued for 45 min. The acetonitrile 
was removed under reduced pressure and the protected nucleoside was separated on a 

15 silica column, eluting with chloroform. The benzoyl protecting groups were removed by 
overnight treatment at room temperature with methanolic ammonia. The nucleoside was 
separated on a column using 50% EtOAc/hexane and then 10% MeOH/CHCl3. The 
isolated compound was recrystallized from methanol. Yield: (74%); MP: 1 85-188^0; TLC 
(10% MeOH/CHCIg): Rf = 0^0; ^H NMR (DMSO-dg) « 3.68 ppm (q. 2H). 4.00 (d. 1 H), 4.12 

20 (t, 1 H), 4.40 (q, 1 H), 5^8 (d, 1 H), 5.41 (t, 1 H), 5.49 (d, 1 H). 5.57 (d. 1 H), 7.96 (s. 1 H). 8.55 
(s, 1H); ^^C NMR (DMSO-dg. Broad band decoupling): d 61 .08 ppm. 69.80, 71.70. 86.47, 
89.16, 114.93, 120.04, 125.77, 125.97, 132.30; 140.96, 14Z16; MS (Fast Atom 
Bombardment): m/e (M+6) 359, (M+4) 357, (M'^2) 355. (M+) 353, 319. 285. 263, 221 . 187, 
177, 133, 115, 103,97,85. 

25 Method B (45) 

To a solution of Na2C03 (23.32 g, 220 mmol) in-440 mL of I-I2O were added 
successively 2.0 L of EtOH, 2.0 L of MeOH, and 105.5 g (220 mmol) of 42. The reaction 
mixture was stirred at room temperature for 2 hr. AcOH (26.44 mL, 462 mmol) was added 
and stirring was continued at room temperature for 20 min. The reaction mixture was 

30 filtered. The solid product was triturated with H^O (800 mL, 20 min), MeOH (500 mL, 30 
min), and then recrystallized from EtOH/MeOH (1 U1 L) to give 52,4 g of 45 as white 
crystals {2 crops, the 2nd crop (2.8 g) was obtained by evaporation of the mother liquid 
and recrystallization of the residue two more times from EtOH/MeOH}. Recrystallization 
was accomplished by dissolving the crude product in a minimum amount of boiling EtOH, 

35 diluting it immediately with an equal amount of hot MeOH and allowing it to slowly cool. 
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The filtrate was evaporated and the residue was triturated with (500 mL, 20 min), 
MeOIH (500 ml-, 30 min), and then recrystailized twice from EtOIH/MeOiH to give an 
additionat 15.34 g of 45 {2 c^ops, the 2nd crop (1 .95 g) was obtained by evaporation of 
the mother iiquid and recrystallization of the residue two more times from EtOH/IMeOH}. 
5 The total of 45 was 67.74 9 (87%). I^P: 16B-lB8?a 

2-Bromo-5.6-dlchioro-1 -r2.3.S-tri-0-acetvl-B-CMibofijranQsvnben2lmida2QlQ (B2st\ 

To a suspension of (47.867 g. 180 mmoi) in 540 mL of dry MeCN, was added 
45 mL (180 mmoi) of BSA. The reaction mixture was stirred at room temperature for 15 
min to give a clear solution. A small amount of solid impurity remained unsiiylated, 

1 0 believed to be 5,6-dichiorobenzimidazol-2-one from the starting material(7). 1 A3,5Tetra- 
O-acetyl-p-D-ribofuranose (60.14 g, 189 mmole) was added to this solution and tiien 
TMSOTf (38.267 mL 198 mmoQ was added dropwise over 20 min. After the addition had 
been completed, sOnIng was continued at room temperature for 30 min. The reaction 
mixture was diluted with 2 L of BOAc. The EtOAc solution was washed wftti 1 :1 saturated 

15 aquenous NaHCOg/saturated aquenous NaCI (1.5 L x 2), dried (Na2S04, 100 g), 
decolorized (activated charcoal. 6 g), and filtered ttirough Celite. The filtrate was 
evaporated and the residue was recrystailized from MeOH to give 82.21 g (4 crops, 87%) 
of 52a as white needles. MP: 140-1 44*^0. This product was pure by ^H NMFL 
2-Bromo-5.6-dichloro-1 -f B-DHibofuranosvl^benzimidazole ^52) 

20 Method A (52) 

2-Bromo-5,6-dichloroben2imidazole (7) (1g, 3.8 mmole) was dissolved in dry 
acetonltrlle (1 50 ml) and stirred in an inert atmosphere at 60°C. BSA (1 .03 ml, 4JZ mmole) 
was added and the mixture was stirred for 10 minutes. 1A3»5-Tetra-0-acetyl-p-D- 
ribofuranose (151g, 3.8 mmole) and TMSTf (0.81 ml, 4.2 mmole) were added to the dear 

25 solution and the mixture was stirred for 10 min. An additional quantity of 1 ,2,3,5-tetiuO- 
acetyl-D-rlbofuranose (1.21g, 3.8 mmole) and TMSTf (0.81 ml, 4.2 mmole) were added to 
the clear solution and the mixture was allowed to stir at 6ff*C for 1 hr. The mixture was 
concentrated under reduced pressure and separated on a silica column to give the 
protected 2-bromo-5,6-dichlorobenzimidazole nucleoside. ^^C NMR (CDCI3): 6 170.26 

30 ppm. 169.50, 168.99, 142.97. 132.32, 130.71, 128.09, 128.06, 121.09, 112.98, 88.09, 80.76, 
71,01, 69.50. 6Z87, 20.97, 20.49, 20.13. NMR {CDC\^: fi 2.02 ppm (s. 3H), 2.16 (s, 
3H), 2.29 (s, 3H). 4.38 (m, 1H), 4.46 (ddd. 2H), 5.43 (dd. 1H), 5.48 (t, 1H), 6.17 (d. 1H). 
7.78 (s, 1H), 7.81 (s, 1H). The protected nucleoside was stirred overnight at room 
temperature in a metiianolio ammonia solution, concentrated, and suspended in metiianol 

35 (3x25ml)toyield2-bromo-5,6<llchloro4-(p-l>rjbofuranosyl)benzimidazol nud osidein 
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137%. ^^CNMR{DMSO-de): ft 14Z57ppm, 132.60, 132.57. 125.76.119.86. 114.73, 90^1, 
86.35, 71.55, 69.76, 61.05. ''H NMR (DMSO-dg): ft 3.69 ppm (m, 2H), 3.99 (m, 1H), 4.11 
(m, 1 H), 4.41 (q, 1 H), 6,27 (d, 1 H), 5.40 (t 1 H). 5.45 (d. 1 H), 5,87 (d. 1 H). 7.95 (s. 1 H), 8.56 
(S. 1H). MS (FAB): m/e 399, 351, 319, 285, 267, 219, 187, 153, 133, 103, 85. 
5 Method B ^521 

To a solution of NagCOg (Z12 g, 20 mln) In 40 mL of H^O, were added 
successivety 180 mL of EtOH, 180 mL of MeOH, and 10.483 g (20 mmol) of 51a. The 
reaction mixture was stirred at room temperature for 1.5 hr. AcOH (2.404 mL, 42 mmol) 
was added and stin-ing was continued at room temperature for 10 min. The reaction 

1 0 mixture was evaporated and the solid product was triturated with HgO (200 mL, 20 min), 
MeOH (1 00 mL, 30 min), and then recrystallized from EtOH/MeOH, by dissolving the cnide 
product in a minimum amount of boiling EtOIH, diluting it immediately with an equal amount 
of hot MeOH and allowing it to slowly cool, to give 6,87 g of 52 as white crystals {2 crops, 
the 2nd crop (0.609 g) was obtained by evaporation of the mother liquor and 

1 5 recrystallization of the residue two more times from EtOH/MeOH}. MP: 162-162 °C. 
2-ChlQro-5,6-dinitro-1 >/2.3.5-tri-0-benzvl-B-D-ribofuranosvnbenzimidazole f60) 

To a mixture of 0.541 g (2.23 mmol) of 2-chloro-5,6-dinitrobenzimldazole In 12 mL 
of MeCN, was added 0.558 mL (2.23 mmol) of BSA. The reaction mbdure was stirred at 
75°C for 1 5 mln to give a clear solution. This solution was treated with the atx>ve MeCN 

20 solution of 2,3.5-trl-O-benzyl-D-ribofuranosyl chloride and 0.56 mL (2.90 mmol) of TMSOTf 
at 75°G for 30 mln. The reaction mixture was cooled and diluted with EtOAc (50 mL). The 
EtOAc solution was washed with sat NaHC03 solution (50 mLx 2), sat NaCI solution (50 
mL), dried (Na2S04), and evaporated. The residue was chromatographed on a silica 
column (2.2 x 1 8 cm, eluted with 20% EtOAc/hexane). Evaporation of fractions 10-14 (20 

25 mL per fraction) gave 0.502 g (35%) of 60 as a syrup. MS: (FAB) m/e 645 (1%, 
MH"^=645). ^H NMR (DMSO-dg): ft 8.50, 8.49 (2 x s, 2, 7.H and 4-H), 7.34. 6.90 (2 x m, 
15, 3 X Ph), 6.09 (d. 1, V-H, Jy^.=B.O Hz), 4.73 427 (m, 9, 2'-H, 3'-H, 4'-H, and 3 
x PhCHg). 3.77 (dd, 1, 5'-H, J4.^,=2.0 Hz, J5,^»=11.0 Hz), 3.65 (dd, 1, 5"-H, J^,. 
5,.=2.5Hz). 

30 2-Chloro-5,6-dinitro-1 -6-D-ribofuranosvlbenzlmldazole (61 ) 

To a solution of 0.464 g (0.719 mmol) of 60 in 12 mL of CHjCist was added 
dropwise 8.4 mL of 1 M BGI3 at -78^0. The reaction mixture was stirred at -78^ for 2 hr 
and tiien at -40*^0 for 2 hr. MeOH (5 mL) was added and stirring was continued at -40^C 
for 1 0 min. The reaction mlxtur was diluted with EtOAc (75 mL). The EtOAc solution was 

35 washed with cold H2O (50 mL), sat. NaHCOg solution (50 mL), sat NaCI solution (50 mL), 
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dried (Na^O^). and evap rated. The residue was coevaporated with MeOH (3 x) and then 
suspended in a small amount of CHCI3 for a few hours. The solid pr duct was imered 
to give 0.209 g of 61 . This sample was contaminated by a small amount f 2-chloro-5,6- 
dinitrobenzimidazoie. A part of the sample (0.18 g) was purified on a silica column (2.4 
5 X 10 cm, eluted witii pure EtOAc). Evaporation of the appropriate fractions and 
crystallization by addition of CHCI3 gave 0.084 g of G1 as a white solid. MP: Isa-ISS^C. 
MS: (El) m/e 374.0276 (1%, M+=374.0265). NMR (DMSC^dg): 8 9.18 (s, 1. 7-H). 8.60 
(s, 1, 4-H), 6.00 (d. 1, I'-H, Jv.2,=7.5 Hz), 5.59 (d. 1. 2'-OH, Ja'^^oH^^O 5.S2 (t. 
1, 5'-0H, J5»^.oH=*'*.5 Hz), &38 (d, 1, 3'-0H, J3r.3»OH='*-5 Hz), 4.01 (m, 1. 2'-H, ^2'- 

10 3,=5.5 Hz), 4.16 (m, 1, 3'-H. J3,^,=2.0 Hz), 4.07 (m, 1. 4'-H. J4,^,=J4,^„=2.5 Hz). 
3.73 (m, 2. 5'-H and 5"-H, J5,^„=12.0 Hz). NMR (DMSO-dg): « 146.55 (C2). 
14Z63 (C3a), 138.90, 138.60 (C5 and C6), 134.12 (C7a), 116.67 (C4). 111.62 (C7), 89.98 
(C1 '). 86.91 (C4'), 72.86 (C2'). 69.84 (C3'), 60.85 (C5'). AQil. Calcd. for C,2HiiCIN408: 
C, 38.47; H, 2.96; N, 14.95. Found: C, 38.46; H. 2.98; N, 14.62. 

15 1 -f2.3.5-Tri-0-acetvl-fl-D.ribofuranosvl^.2.4.B-triehlorobenzimidazo!e IM\ 

To a suspension of 1.362 g (6.15 mmol) of 2,4,6-trichlorobenzimldzole In 31 mL 
of IVIeCN, was added 1.52 mL (6.15 mmol) of BSA. The reaction mixture was stirred at 
80''C for 15 ntin to give a clear solution. This solution was treated with 2.153 g (6.675 
mmol) of 1 A3,5-tetra-0-acetyl-p-D<ibofUranose and 1 .426 mL (7.380 mmol) of TMSOTf at 

20 80°C for 1 hF. The reaction mixture was cooled and diluted with EtOAe (150 mL). The 
EtOAc solution was washed with sat NaHCOg solution (150 mL x 2), sat NaCI solution 
(1 50 mL), dried {J^b^O^, and evaporated. The residue was coevaporated with MeOH and 
then suspended in 50 mL of hot MeOH. The suspension was cooled, filtered, and the 
solid product was waslied with MeOH to give 2.1 03 g of 80 as white crystals (This product 

25 showed one spot on TLC). The mother liquor was evaporated and the residue was 
chromatographed on a silica column {ZS x 20 cm, eluted with GHCI3 and 0.5% 
MeOH/CHCIg). Evaporation of fractions 20-24 (20 mL per fracBon) and recrystallization 
from MeOH gave an additional 0.258 g of 80 as white crystals. The total yield of 80 was 
2.361 g (80%). MP: 198^00^0. MS: (El) m/e 480.0069 (4%. for C^fiH„^a^C]ti;Pj: 

30 M+=480.0072). ^H NMR (DMS0<l6): 8 7.89 (d, 1 . 7-H, J7^=2.0 Hz). 7.58 (d, 1 , 5-H). 6.26 
(d, 1, I'-H. J,,^,=7.0 Hz), 5.54 (t, 1. 2'-H, ^^.^,=7.0 Hz), 5.44 (dd. 1. 3'-H. Jg.. 
4,=4.5 Hz), 4.48, 4.38 (2 x m. 3, 4'-H and 5'-H), 2.14, 2.02 (2 x s, 9, 3 x Ac). ""^H NMR 
(DMSO-dg): 8 169.84, 169.37, 169.09 (3 X COCH3). 140.91 (02), 137.39 (C3a), 134.14 
(C7a). 128.47 (06). 123.66 (04), 123.25 (05). 111.06 (07), 86.91 (01'). 79.58 (04'), 70.54 
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(C2'). 68.55 (C3'). 62.47 (C5'). 20.48, 20.19, 19.90 (3 x COCH3). Anal . Calcd. for 

2.4.6-Trichloro-1 -p-D-ribofuranosvlbenzlmldazole (81 ) 

A mixture of 0.130 g (0.271 mmol) of 80 in 5 mL of cone. NH4QH/dioxane (1:1 by 
5 volume) was stirred in a pressure bottle at room temperature for 1 day. Volatile materials 
were removed by evaporation and ooevaporatlon with MeOH (3 x, bath temperature < 
40°C}. The resulting solid was absorbed on sifica gel and was chromatographed on a 
silica column (2x5 cm. eluted successively wHh 1 %, 2%, 3% MeOH/CHCIg). Evaporation 
of fractions 23-39 (5 mL per fraction) gave a white solid. This solid was washed with HgO, 

10 dried to give 46 mg (48%) of 80 as a white solid. MP: 165-167°C. ''h NMR (DMSO-dg): 
& 8.36 (d, 1. 7-H, J7^=2.0 Hz), 7.52 (d. 1, 5-H). 5.90 (d, 1, I'-H, Jy^,=B.O Hz), 5.49 (d, 
1, 2'-0H. J2'.2'OH=6.5 Hz), 5.38 (t, 1, 5'-0H, Jy^'OH'^-S Hz), 5.28 (d, 1, 3'-0H, Jg,. 
3,0H=4.5 Hz), 4.41 (m, 1, 2'-H. Jg'^.^^ S Hz), 4.14 (m, 1, 3'-H, J3,^,=2.0 Hz), 4.02 
(m, 1, 4'-H, J4,^,=J4,^»=2.5 Hz). 3.70 (m, 2, 5'-H and 5"-H, J5,^„=12.0 Hz). 

15 ^3HNMR(DMSa<J6): ft 141.64(02), 137.50(C3a),134.17(C7a),128.02(C6).12352(C4), 
122.77 (C5), 112.56 (C7), 89.35 (CV). 86.52 (C4'), 71.71 (C2'), 69.70 (C3'). 61.02 (C5'). 
Anal. Calcd. for C.,>.Hi,a,N^O^; C, 40.76; H, 3.14; N, 7.92. Found: C, 40.74; H. 3.37; N, 
7.71. 

2-lodo-5.6<lichloro-1 -fl-D-rlbofuranosvlbenzimldazoie f83a^ 

20 2-Amino-5,6<flchloro-1-(2^.&-tri-04ioetyi-p-D-ribofuranosyl)t)erT;drYtidazoie nucleoside 

(43) (50 mg, 0.1 mmole) was added to 3 mL of diiodomethane and amyl nitrite (0.13 ml, 
1 mmole) under an inert atmosphere and heated to SCTC for 1 hr. The mixture was 
concentrated under reduced pressure and chromatographed on a silica gel column to give 
one product which was treated with methanolic ammonia for 18 hr. The product was 

25 isolated, recrystalllzed and characterized as compound 83a. ^H NMR (DMSO-dg): ft 3.71 
(m, 2H), 4.07 (m, 1H), 4.12 (m,1H), 4.40 (q, 1H), 523 (m, 1H), 5.37 (m, 2H), 5.82 (d. 1H), 
7.89 (s, 1H), 8.52 (s, 1H). ^^C NMR (DMSO-^: ft 145.33 ppm, 132.51. 125.26. 125.18. 
119.51,114.22,110.32,92.11.86.22.71.47.69.99,61.11. MP: 1B0-182»C. UV nm 
(€ X 10^: (pH 7) 230 (.490), 259 (516), 292 (.277) 302 (.305); (pH 1) 230 (.342). 258 

30 (.095), 294 (.301), 303 (.313); (pH 1 1) 228 (.560), 258 (.198), 292 (.249), 302 (.267). Anal . 
Calcd. for C.,2HiiCl2iN204l.5CH30H: C, 32.88; H, 3.47; N, 5.68. Found: C, 33.32; H, 
3.21; N, 5.80. 

2-Chloro-4.5-dibromo-1 -(2.3.5-tri-O-acelvl-B-D-ribofuranosvnbenzimidazole (84) 

To a stirred mixture of 1 .228 g (5.498 mmol) of CuBrj and 0.654 mL (4.949 mmol) 
35 of 90% t-BuONO in 1 0 mL of CH3CN, was added dropwise a solution f 1 .1 70 g (Z748 
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mmol) of 5-amino^-chlorc>-1-{2;3,5-triO-acetyl-p-D-ribofuranosyl)bBn2lmldazole In 3 mLof 
CH3CN. After the addition, stirring was continued at room temperature for 2 hr. The 
reaction mixture was diluted with 1 00 mL of EtOAc. The EtOAc solution was washed with 
HjP (100 mL), sat NaHCOg solution (100 mL x 2), saL NaCI solution (100 mL), dried 
5 (NagSO^), and evaporated. The residue was ^romatographed on a silica column (4.1 x 
30 cm, eluted with CHCI3). Evaporation of fractions 59-78 (20 mL per fraction) and 
recrystallization from MeOH gave 0.600 g (38%) of 84 as a white solid. MP 202-203°C. 
MS (El) m/e 565.91 09 (4%. M+=565.9091). ""H NMR (DMSO-de): 8 7.74 (2x d, 2. 6-H and 
7-H. J6.7=8.5 Hz). €.26 (d, 1, V-H, Jv.2.=6.5 Hz), 5.53 (t, 1, 2'-H. J2,^,=7.0 Hz), 5.42 

10 (dd. 1 , 3'-H, J3.^,=4.5 Hz), 4.42. 

2-Chioro-4.5-dibromo-1 -B-D-ribofuranosvlbenzlmidazole ias\ 

A solution of 0.529 g (0.930 mmol) of 84 In 25 mL of NHg/MeOH was stirred In a 
pressure bottle at room temperature for 5 hr. Volatile materials were removed by 
evaporation and coevaporab'on with MeOH (3 x. batti temperature < 40°C). The resulting 

15 solid was recrystailized from MeOH/H20 to give 0.316 g (2 crops, 77%) of 85 as white 
crystals. MP: 167-ie9°C. MS: (CQ m/e 440.8837 (20%, MH"^ =440.885^. ^H NMR 
(OMSO-de): 8 8;05 (d, 1, 7-H, J7^=8.5 Hz), 7.59 (d, 1, 6-H), 5.89 (d. 1, V-H, Jy^^7.5 
Hz). 5.51 (d, 1, 2'-0H, J2'.2'OH=6.5 Hz), 5.28 (d, 1, 3'-0H, Jg-^^oH^^-S Hz), 5.27 (t. 
1, 5'-0H, J5/^.oH=5.0 Hz). 4.40 (m. 1, 2'-H. J2,^,=5.5 Hz), 4.13 (m, 1, 3'-H, Jg,. 

20 4,=2.0 Hz), 4.00 (m. 1, 4'-H, J4.^,=J4.^„=3.5 Hz), 3.68 (m, 2, 5'-H and 5"-H, J5.. 
5»=ia0 Hz). ""^H NMR (DMSO-dg): 8 141.70 (02), 141.58 (C3a), 13251 (C7a). 127.42 
(06), 118.06 (05). 114.08 (04). 113.87 (07), 89.45 (01'). 86.34 (040, 71.74 (02'). 69.62 
(03'), 61 .07 (05'). Anal. Calcd. lor 0^2HllBf2°N204: 0,32.57; H, 2.51; N, 6.33. Found: 
0, 32.70; H, 2.33; N. 6.33. 

25 2-Chloro-5.6^iodobenzim!dazole f41^ 

Compound 6-amino-2-chloro-5-iodobenzimidazole (26a) (0.190 g. 0.647 mmol) was 
dissolved in a mixture of cono. H2SO4 /ice-H20 (2 m\J3 ml) at 0»C. To this mixture, was 
added dropwise a solution of NaNOg/HjO (0.134 g, 1.942 mmol/5 mg. The reaction 
mixture was stirred at room temperature for 1 hr. A solution of Ki/HgO (0.537 g/5 mL) was 

30 added dropwise and stirring was continued at room temperature for 3 h and then 100»C 
for 15 min. The reaction mixture was extracted with EtOAc (50 mL x 2). The EtOAc 
solution was washed with Na^O^O (1 g/50 mL), sat NaHOOg (50 mL). sat. NaCI 
solution (50 mLJ, dried (Na2S04), and evaporated. The residue was recrystailized from 
MeOH to give 0.169 g of a yellowish crystalline compound. The mother liquor was 

35 evaporated and the residue was chromatographed on a silica column (2 x 4 cm, eluted 
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successivetywith1%,2%M OH/CHCI3). Evaporation ffraction8 4-6(20mLp6rfracti n) 
and recrystallization from MeOH gav an additional 0.040 g of product The t tal yield was 
0.209 g (80%). I^P: 228-229^0 (dec). IWS: (El) m/e 403.8064 (100%. M+«403.8074). 
NIVIR (DlWSO-dg): 6 13.50 (br s, 1, 1-NH), 8.11 (s. 2, 4-H and 7-H). Aoal. Cafcd. for 
5 CyHaQI^Ng: C, 20.79; H, 0.75; N, 6,93. Found: C, 20.73; H. 0.83; N, 6.74. 
2'Chioro-5.6-dliodo-1 -B-D-riboturanosvlbenzlmidazoie (1 07) 

To a suspension of 0.230 g (0.569 mmol) of 2-chloro-5,6-diiodobenzimidazole (41) 
in 5 mL of MeCN, was added 0.140 mL (0.569 mmol) of BSA. The reaction mixture was 
stin-ed at 80°C for 15 min to give a clear solution. This solution was treated with 0.199 g 

10 (0.626 mmol) of 1,2,3,5-tetra-Q-acetyl-p-D-ribofuranose and 0.132 mL (0.683 mmoi) of 
TMSOTf at 80PO for 45 min. The reaction mixture was cooled and diluted with EtOAc (50 
mL). The EtOAc solution was washed with sat NaHG03 solution (50 mL x 2), sat NaCI 
solution (50 mL), dried (NagSO^), and evaporated. The residue was chromatographed on 
a silica column (Z4 x 15 cm, eluted with CHCI3). Evaporation of fractions 18-25 (20 mL 

15 per fraction) and recrystallization from MeOH gave 0.157 g (42%) of the blocked 
nucleoside as white crystals. MP: 120-127'C. MS: (El) m/e 661.8823 (14%, 
M"^^661.8814). NMR (DMSO-d^: « 8.34 (s. 1. 7-H), 8.25 (s. 1. 4-H), 6.22 (d, 1, 1'-H, 
Jv-2'-7.0 Hz). 5.54 (t, 1, 2'-H, J2.^,«7.0 Hz), 5.41 (dd, 1, 3'-H, J3,^,=4.5 Hz), 4.46, 
4.36 (2 x m, 3, 4'+l and 5'-H), 2.16, 2.14, Z01 (3 x s, 9, 3 x Ac). ''^H NMR (DMSO-dg): 

20 8 169.94, 169.45, 169.15 (3 X COCH3), 142.54 (C3a), 140.67 (C2), 134.08 (C7a), 128.88 
(C4), 121.48 (C7), 101.98, 101.32 (C5 and 06), 86.53 (01'), 79.48 (04'). 70.51 (02'), 
68.71 (030, 62.57 (C50, 20.90, 20.27, 19.98 (3 x COCH3). AOi!. Calcd. for 
C18H17OII2N2O7: O. 32.63; H. 2.59; N, 4.23. Found: O, 32.81; H, 2.83; N, 4.25. This 
compound was deprotected to afford compound 107. 

25 25.6Trichloro-1-f2<leQxy'3.5<ii<>H>toluovl-p-D^nrthro-p n 1 0) 

To a suspension of 4.43 g (20 mmol) of 2,5,6-trichlorobenzimtdazole (5) in 100 mL 
of dry MeCN, was add portionwise 1.2 g (30 mmol) of 60% NaH in oil at room temperature. 
After the addition had been completed, the reaction mixture was stirred at room 
temperature for 20 min. to give a nearly clear yellowish solution. To this solution, 

30 compound 3,5-di-O-p-toluyl-p-D-erythro-pentofuranosyl chloride (9.332 g, 24 mmol) was 
added portionwise over 20 min and stirring was continued at room temperature for an 
additional 2 h. The reaction mixture was filtered and the solid was washed with portions 
of EtOAc C^SOO mL). The filtrate was evaporated and the residue was dissolved in the 
EtOAc washings. This EtOAc solution was washed with half sat. NaCI solution (150 mL 

35 X 2), dried (Na2S04), and vaporated. The residue was added to 100 mL of MeOH, the 
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mixture was heated at reflux temperature for 5 mln. and was then aUowed to cool to room 
temperature. RItration of the resulting suspension and washing the solid with portions of 
MeOH gave 1 0.21 g (89%. 2 crops) of 11 0 as white crystals. MP: 1 68-T SS'C. MS: (El) m/e 
572.0664 (0.5%, M'^«57Z0673). NMR(DMS0-d6): ft 8.04.7.94(2xs.2.7-Hand4^H). 
5 7.97. 7,86, 7.37, 7.29 (4 X d, 8, Ph. J=8.0 Hz), 6.56 (dd, 1, 1'-H, J^,^=e3 Hz, J,,. 
2».=6.0 Hz). 5.75 (m, 1, 3'-H, J3.^,=8.0 Hz. J3,^„=2.0 Hz, J3,^,=3.5 Hz), 4.72 (dd. 
1. 5'-H. J5,^,=3.5 Hz, Js,^„=12.0 Hz). 4.69 (dd. 1. 5"-H. J5„^,=5.0 Hz), 4.61 (m. 
1. 4'-H), 3.02 (m, 1, 2'-H, J2,^,=14.5 Hz), 2.72 (m, 1, 2"-H), 2.40, 2.36 (2 X S, 6. 2 X 
Me). ^^C NMR (DMSO-dg): « 165.48, 165.34 (2 x p-MePhCQ), 144.05, 143.81 (2 x p- 
10 MePhCO), 141.38 (C2), 140.81 (C3a), 132.43 (C7a), 129.48, 129.24 (2x p-MePhCO), 
126.47. 126.39, 126.23, 125.91 (2 X p-MePhCO, C6, and C5), 12059 (C4), 113.43 (C7). 
85.19 (CV). 80.07 (C4'). 7352 (G3'). 63.72 (C5'), 35.75 (C2'), 21.14, 21.09 (2 x p- 
MePhCO). Anal. Calcd. for C28H23CI3N2O5: C, 58.60; H, 4.04; N, 4.88. Found: C, 58.35; 

H, 4.09; N, 4.83. 

15 2.5.6-Trlehloroben2imida2ole-1.2-deoxv-B-D-efvthroDentofu ranosvlf111^ 

A suspension of 7.30 g (12.721 mmoi) of 110 and 8.284 g (127.21 mmol) of KCN 
in 255 mL of 90% aq. EtOH was stirred at room temperature for 4 days. The reaction 
mixture was filtered and the filtrate was evaporated. The resulting solid was triturated 
successively with H2O (50 mL x 3), hexane (50 mL x 3), CHCI3 was then 

20 recrystallized from MeOH to give 3.027 g (70%, 2 crops) of 111 as white crystals. MP: 
178-180PC. MS: (EO m/e 335.9831 (12%, M+=335.9835). ^H NMR (DMSO-dg): i 8.44 
(s, 1, 7-H). 7.94 (s. 1. 4-H), 6.35 (dd, 1, 1'-H, Ji,^«9.0 Hz, J,,^„=6.0 Hz), 5.42 (d, 

I. 3'-0H, J3.4.oH=^-5 Hz), 5.24 (t, 1, 5'-0H, J5,^,on=5.0 Hz), 4.43 (m, 1, 3'-H, J3.. 
2,=7.0 Hz, J3..2"=2.0 Hz, J3,^,=Z5 Hz), 350 (m, 1, 4'-H, J4,^.=3.0 Hz), 3.70 (dd, 

25 2. 5'-H), 2.51 (m, 1, 2'-H, J2,^»=13.5 Hz), 2.19 (m, 1, 2"-H). ''^C NMR pMSO-dg): 
5 141.21 (C2). 140.95 (C3a), 13257 (C7a), 125.91, 125.67 (C5 and C6), 120.02 (C4), 
114.77 (C7), 87.68 (C4'). 85.70 (CV), 69.99 (C3'), 60.86 (C5'). 38.96 (C2'). Anal. Calcd. 
for C^2HiiCl3N203= C. 42.69; H. 358; N, 8.30. Found: C. 42.40; H, 3.36; N, 8.07. 
2-Bromo-5.6-dichloro-1 -(deoxv-B-D-enrthro-pentofuranosvnbenzimidazolB f 11 2) 

30 To a suspension of 1 .55 g (5.829 mmol) of 2-bromo-5,&dichlorobenzimidazole (7) 

in 30 mL of dry MeCN, was added portionwise 0.35 g (8.750 mmol) of 60% NaH in oil at 
room temperature. After the addition ttad been completed, the reaction mixture was stirred 
at room temperature for 20 min to give a nearly clear yellowish solution. To this solution, 
the appropriate carbohydrate (2.72 g, 6.995 mmol) was added portionwise ver 20 min and 

35 stirring was continu d at room temperature for an additional 2.5 h. The reaction mixture 
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was diluted with EtOAc (1 00 ml^, flitered and the solid was washed with porti ns of EtOAc 
(20 mL). This EtOAc solution was washed with half sat Nad solution (100 mL x 2), dried 
(Na2S04), and evaporated. TTie residue was chromatographed on a silica column (4x16 
cm, eiuted with pure chlorofbrm). Evaporation of fractions 18-91 and recrystaliizaUon of 
5 the residue from EtOH gave 2.927 g (81 %, 2 crops) of the protected nucleoside as white 
crystals. MP: 157-1 59»C. MS: (EQ m/e616.0153(0i2%, M+=616.0167). ^HNMR(DMS0- 
dg): ft 8.02, 7.95 (2 X S, 2, 7-H and 4-H), 7.96, 7.86, 7.37, 759 (4 x d, 8, Ph, J=8.0 Hz), 
6.52 (dd, 1, I'-H. J^,^=9.0 Hz. J,,^,=6.0 Hz), 5.76 (m, 1, 3'-H, J3.^,=8.0 Hz, J3,. 
2»=2.0 Hz, J3,^,=3.5 Hz). 4.71 (m, 2, 5'-H and 5"-H, J5,^,=4.0 Hz, J5„^,=4.5 

10 Hz, J5,^„=12.0 Hz), 4.63 (m, 1, 4'-H), 3.00 (m, 1, 2'-H, J2.^„=14.5 Hz). 2.70 (m, 1, 
2"-H), 2.40. 2.36 (2 X S. 6. 2 X Me). ^^C NMR (DMSO-dg): 8 165.45, 165.27 (2 x p- 
MePhCO), 144.00. 143.75 (2 x p-MePhCO). 142.44 (C3a), 132.49 {C7a), 131.46 (C2), 
129.40. 129.19 (2X p-MePhCO), 126.43, 126.36, 126.03, 125.77 (2x p-MePhCO. C6, and 
C5). 120.12 (C4), 113.29 (C7). 86.27 (CI'). 80.97 (04'). 73.50 (03'). 63.71 (05'). 35.81 

1 5 (02'), 21 .08. 21 .03 (2 x p-MePhCO). ^091- Calcd. for CgaHasBrClaNaOg: C. 54.39; H, 3.75; 
N. 4.53. Found: C. 54.54; H. 3.59; N, 4.44. 

A suspension of 0.618 g (1.0 mmol) of the protected nucleoside and 0.330 g (5.0 
mmol) of KON in 20 mL of 90% aq. EtOH was stirred at room temperature for 5 days. The 
reaction mixture was evaporated. The resulting soGd was triturated successively with H2O 

20 (10 mL X 3). CHOI3 (10 mL X 3), and was then recrystallized from EtOH to give 0.300 g 
(79%, 3 crops) of 112 as white crystals. MP: 187-188°C. MS: (Ei) m/e 379.9332 (6%, 
M+=379.9330). ^H NMR (DMSO-dg): « 8.48 (s, 1. 7-H), 7.93 (s, 1. 4-H), 6.33 (dd. 1, 1 '-H, 
Jy^2'=9 0 Hz. J^,^„=5.5 Hz), 5.48 (d, 1, 3'-0H. J3.^.oH='*-0 5-31 (t, 1, 5'-OH, 
J5'^'OH='*'5 (f"' ^' 3'-H, J3'.2'=6.5 Hz, J3.^»=1.5 Hz), 3.91 (m, 1. 4'-H), 

25 3.71 (m, 2, 5'-H). 2.50 (m. 1, 2'-H, J2.^„=13.5 Hz). 2.15 (m. 1. 2"-H). nMR 
(DMSO^Ig): 8 142.56 (C3a), 132.49 (07a). 131.39 (02). 125.75. 125.56 (05 and 06), 
119.83 (04), 114.66 (07), 87.68 (04'), 86.94 (01'), 70.02 (03'), 60.86 (05'), 39.00 (02'). 
Anal . Calcd. for 0^2^11 BrClgNgOg: 0, 37.73; H, 2.90; N. 7.33. Found: C. 38.18; H, 2.80; 
N, 7.30. 

30 5-Bromo-2.6-dichloro-1 -B-D-ribofuranosvlbenzimldazole (95) 

To a suspension of 0.319 g (1.0 mmol) of 2.6-dlchioro-l-p-D- 
riboturanosylbenzimidazoie (67) in 10 mL of HgO. was added dropwise a sat solution of 
Brg^O at room temperature. Alter the addition had been completed, stirring was 
continued for 3 hr. The reaction mixture was filtered and the s lid viras washed with 

35 portions of H2O, and then recrystallized from MeOH to give 0.335 g (78%, as M MeOH) of 
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95 as White crystalline needles. MP 140-142°C. MS (El) m/e 395.S274 (2%, 
M+ =395.9279). ""H NMR PMSO-dg): 4 8.88 (s, 1, 7-H). 8.08 (s, 1. 4-H), 5.89 (d, l.l'-H. 
Jl,.2'=8.0 Hz). 5.49 (d, 1, 2'-OH. J2*.2.oH=6.5 Hz). 5.40 (t S'-OH. Js.^,oH=4.0 Hz), 
5.28 (d. 1, 3'-0H, J3.^.oH='*-5 HZ). 4.42 (m. 1. 2'-H. J2.^,=5.5 Hz). 4.13 (m, 1, 3'.H. 
5 J3,_^,=1.5 Hz), 4.01 (m, 1, 4'-H, J4,^,=J4,^„=2.5 Hz), 3.70 (m, 2. 5'-H and 5"-H, 
J5,^»=12.0 Hz). Anal. Calcd. for Ci2HiiBrCl2N204 MeOH: C, 36.30; H, 3.51; N, 8.51. 
Found: C, 35.98; H, 3.6C^ N, 6.39. 
6-Bromo-2.5<ilchloro-1 -B -D^fbofuranosvlbenzlmidazole (9S\ 

To a suspension of 0.1 1 0 g (0.31 3 mmol, as C^2Hi2Cl2'^04 MeOH) of 2,5<Jichloro- 

10 1 -p-DHlbofuranosyibenzimidazole (73) in 3 mL of HgO was added dropwise 1 0 mL of a sat. 
solution of Brg/H^O at room temperature. After the addition had been completed, stirring 
was continued for 6 hr. The reaction mixture was filtered and the solid was washed wfth 
portions of HgO, and then recrystaliized from MeOH to give 0.091 g (73%, 2 crops) of 99 
as whKe crystalline needles. MP158-159°C. MS (EQ m/e 395.9274 (5% M*** =395.9279). 

15 NMR (DMSO-dg): S 8.69 (s. 1 , 7-H), 7.96 (s. 1 , 4-H), 5.88 (d. 1 . 1 '-H. J|,^,«8.0 Hz), 
5.51 (d, 1. 2'-0H, Jz-^oH^fi-S Hz). 6-41 (t, 5'-0H, J5..6-oH*4.5 Hz). 5.30 (d. 1, 3'.0H. 
J3'.3'OH=4.5 Hz), 4.42 (m, 1, 2'4i J2,^,=5.5 Hz), 5.30 (d. 1. 3'-0H, J3,^,=1.5 Hz). 
4.01 (m, 1. 4'-H, J4,^,=J4'-5'=2^ Hz). 371 (m, 2, 5'-H and 5"-H. J5,^„=1.20 Hz). 
Anil. Calcd. for Ci2"ilBi'Cl2N204: 0,36.21: H. 2.79; N, 7.04. Found: 0, 36.14; H, 2.90; 

20 N, 6.90. 

4.5-Difiuoro-1.2-phenvienedlamtne (10^ 

To a solution of 5.65 g (31.876 mmoie) of 4.5<lifluoro-2-nltroanlline in 50 mL of 
MeOH, were added 100 mL of 2 N HOI and 8.90 g (159.380 mmoie) of Iron powder. The 
reaction mixture was stired at room temperature for 2 hr and then filtered. The filtrate was 

25 neutralized with cone. NH4OH to ~ pH 8. The resulting suspension was filtered again and 
tiie filter cake was washed ttioroughly with MeOH. The filtrate and washings were 
combined, concentrated to ~ 1 00 mL, and extracted wfth CHCl3(1 00 mLx 3). TheCHCIg 
solution was washed with a sat. NaCI solution (100 mL x 2), dried (NsgSO^), and 
evaporated. The residue was coevaporated wfth CHCI3 to give 3.51 5 g (77%) of 10. This 

30 material was used in tiie next reaction wfthoul further purification. A brown crystalline 
sample of 10 was obtained by recrystallization from CCI4. ^H NMR (DMSO-d^: d 6.44 (t, 
2, 3-H and 6-H, Jp.H=10.5 H), 4.59 (br. s, 4, 2x NHg). 
2-Amino-5.6-difluorobenzimldazoie (1 1 ) 

To a stirred solution of 4.9 mL of 5 M BrCN/MeCN in 50 mL of H2O, was added 

35 dropwise a solution of 3.51 5 g (24.389 mm le) of 1 0 In 50 mL of MeOH ver 20 min. After 
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the addition, stirring was continued at room temperature for 2 li. The reaction mixture was 
concentrated to ^ 50 mL and was extracted with EtOAc (50 mL x 3). The combined 
EtOAc solution was back washed wtth 1 00 mL of l-i20 and then discarded. The combined 
HgO phase was basified with sat. NaHCOs solution (precipitation occurred) and was 
5 extracted again with EtOAc (70 mL x 3). The EtOAc solution was dried (H^O^ and 
evaporated to dryness. The residue was suspended in 50 mL of CI-ICI3 and filtered. The 
yellowish solid was washed with portions of CHCI3 to give 3.40 g of 1 1 . The filtrate and 
washings were evaporated to dryness and the procedure was repeated to give an 
additional 0,355 g of 1 1 . The total yield of 1 1 was 3.755 g (91 %). H NMR (DMSO-dg) d 
1 0 1 0J9 (br. s. 1 , 1 -NH), 7.06 (dd, 2. 4-H and 7-H, 1 .0 Hz, %^=7,5 Hz). 6.30 (br. 

s. 2, 2-NH2). 

2-Chloro-5.6-difluorobenzlmidazole f12) 

To a stinred mixture of 40 mL of aqueous CUCI2 solution (60% by weight) and 20 
mL of H2O was added a solution of NaN02^H20 (2.08 g/10 mL). Compound 11 (1.69 g, 

15 10 mmole) was then added portionwise over 5 min. The reaction mixture was stirred at 
room temperature for 1 hr. An additional 30 ml of the aqueous CuClg solution (60% by 
weight) was added and the reaction mixture was heated on a steam bath for 10 min (a 
small amount of MeOH was added to suppress the formation of foam). The mixture was 
extracted with EtOAc (150 mL x 2). The EtOAc solution was washed with sat. NaCI 

20 solution (1 00 mL x 2), dried ^b^Q^ and evaporated. The residue was chromatographed 
on a silica column (3x15 cm) using 2% and 3% MeOH/CHCI^ as eluants. Evaporation 
of the appropriate fractions gave a brownish solid. This solid was washed with E^O and 
dried to give 0.962 g of 1Z The Et20 washings were evaporated and tiie residue was 
repurified through a silica column (2 x 10 cm, eluted successively with 1%, 2% 

25 M6OH/CHCI3). Evaporation of the appropriate fractions and washing of the residue with 
EtgO gave an additional 0.1 52 g of 12. The total yield of 1 2 was 1 .1 1 4 g (59%). MS m/e 
187.9954 (100%, M"*"= 187.9953). ""h NIWIR (DiWSO-de): d 13.5 (br. s, 1, 1-NH), 7.62 (t, 2, 
4-H and 7-H, Jp^=9.0 Hz. 
2-Amlno-5f6>-chloro-6f5Vfluorobenzimidazole i\ 2M 

30 4*Chloro-5-fiuoro-1,2-phenylenediamine (12a, 3^12 g, 20 mmoQ was dissolved in 

40 mL of MeOH and then added dropwise to a stinted solution of 4.4 mL of 5 M 
BrCI^MeCN in 40 mL of H2O over 30 min. After the addition, stirring was continued at 
room temperature for 3 hr. The reaction mixture was concentrated to 40 mL and then 
was washed with EtOAc (100 ml^. The EtOAc phase was extracted with HgO (60 mL). 

35 The combined H2O phase was neutralized with sat. NaHC03 solution to ~ pH 8 and the 
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resuHing suspension was xtracted wKh EtOAc (200 ml). The ElOAc phase was washed 
with a mixture of sat. NaHCOs/sat. NaCI soluti n (20 mUlSO mL). dried {Ha^O^, and 
evaporated. The resldu was coevaporated vy^ CIHCI3 (20 mL x 2) and then was 
suspended in 50 mL of CHCI3. The suspension was filtered to give 3.340 g of 12b as a 
5 grey solid. The filtrate was evaporated and coevaporated with CHC\^. The resulting solid 
was again suspended in a small amount of CHCI3 and the suspension was filtered to give 
an additional 0.235 g of 12b. The total yield of 12b was 3.575 g (96%). This product 
showed a single spot on TLC. MP: 194-196°C. MS: (El) m/e 185.0156 (100%, 
M+=185.0156). NMR (DMSCWg): lO-SS, (br s, 1 . 1-NH). 7.16 (d, t, 4-H, %jn^7.0 

1 0 Hz), 7.06 (d, 1. 7-H, 3jp^=io.O Hz), 6.43 (br s. 2. 2.NH2). AOSi. Calcd. fbr C^HsCIFI^: 
C, 45.30; H, 2.72; N, 22.64. Found: C. 45.1 4; H. 2.67; N, 22.44. 
2.5f6^-Dichloro-6ra-fluoroben2imidazole f12e) 

Compound 12b (0.928 g, 5.0 mmol) was suspended in a solution of CuCl2^0 (1 0 
g/25 mL). To this suspension, was added dropwise a solution of UatiO^H^O (3.45 g, 50 

15 mmoi/25 mL) at 70°C over 30 min (5 mL of t-BuOH was added portionwise to suppress 
foaming). After the addition, stirring was continued at 70"C for 15 min. The reaction 
mixture was cooled and extracted with EtOAc (75 mL x 2). The EtOAc solution was filtered 
and the filtrate was washed with half sat NaCi solution (100 mL), dried (fia^^O^, and 
evaporated; The residue was chromatographed on a silica column (2.4 x 25 cm, eluted 

20 successively with 1%, 2% MeOH/CHCig). Evaporation of fractions 23^ (20 mL per 
fracUon) gave 0.744 g (73%) of 12c as a yellowish solid. MP: 197-198»C. MS: (El) m/e 
203.9657 (100%, M+ =203.9657). ""H NMR (DMSCWg): d 13.60 (br S, 1, 1-NH), 7.76 (d, 
1 , 4-H, *Jf.h=7.0 Hz), 7.61 (d, 1, 7.H, 3jp^=10.5 Hz). Ana!. Calcd. fbr C7H3CI2FN2: C, 
41.01; H, 1.47; N, 13.66. Found: C, 41.00; H, 1.39; N, 13.59. 

25 2.4.5.6-Tetrachlorobenzimldaz6le (13^ 

To a mixture of CUCI2 (1 .345 g, 1 0 mmol) and 0.99 mL of 90% t-BuONO (30 mmol) 
in 25 mL of acetone, was added portionwise 1.280 g (5 mmol) of 13b over a period of 3 
min. After the addition had been completed, stining was continued at 60°C for 2 h (with 
the addition of 0.99 mL of fresh 90% t-BuONO every 30 min). The reaction mixture was 

30 cooled to room temperature, poured into 50 mL of 2 N HCI, and extracted with 1 50 mL of 
EtOAc. The aOAc layer was washed with 2 N HCI (50 mL x 2), sat NaCI solution (1 00 mL 
x 2), dried (NagSO^), and evaporated. The residue was chromatographed on a silica 
column (4 X 7 cm, eluted with CHCI3, 1% MeOH/CHCIg). Evaporation of fractions 31-45 
(15 mL per fraction) and recrystallizalion from MeOH gave 0.631 g (2 crops, 49%) of 13 

35 as slightly brownish crystals. MP: 243-244"G. MS: (El) m/e 253.8952 (81%, 
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M+«253.8972). '"h NMR (DMSO-dg): d 14.09 (br 8, 1. 1-NH), 7.83 {s, 1, 7(4)-H}. AnaL 
Calcd.for C7H2a4N2: C 32.85, H 0.78. N 10.95. Found: C, 3Z69; H, 0.84; N. 10.76. 
2-Amlno-4,5.6-trichloroben2ifnldazol9 f13b) 

To a stirred solutior) of 3.62 mL of 5 M BrCN/MeCN in 35 mL of H2O, was added 
5 dropvynsa a solution of 3,4,&-trichloro-1 ^-phenylenediamine (1 3a) (3.478 g, 1 6.446 mmol) 
in 35 mL of MeOH. After the addition had been completed, stirring was continued at room 
temperature for 2 hr. The reaction mixture was concentrated to 35 mL and was washed 
with EtOAc (50 mL). The EtOAc phase was extracted with i-lgO (50 mL). The combined 

1- I2O phase was neutralized with sat. NalHC03 solution to pH 8 and the resulting 
10 suspension was extracted with EtOAc (150 mL). The EtOAc phase was washed with a 

mixture of sat NaHC03 and sat NaCi solution (20 mL/130 mL), dried {Ha^O^, and 
evaporated. The residue was dissolved in MeOH, decolorized with charcoal, and then 
recrystaliized from MeCN to give 3.098 g (2 crops, 80%) of 13b as ^ slightly grey crystals. 
MP: 255-258^0. MS: (El) m/e 234.9473 (100%. M+=234.9471). NMR (DMSO-dg): d 
15 11.25 (brs, 1, 1-NH), 7.29 {s, 1. 7(4)-H}. 6.75 (br s, 2. 2-NH2). Aoal. Calcd. for C7H4CI3N3: 
C 35.55, H 1.70, N 17.77. Found: 0 35.72, H 1.78, N 17.89. 

2- Chtoro-5,6-<libromobenzimidazole (iTS 

To a suspension of 0.763 g (5 mmole) of 2-chlorobenzimidazole in 50 mL of 1:1 
MeOI-l/IH20, was added dropwise a solution of 1 mL of Brg in 10 mL of MeOIH over a 

20 period of 30 mfn. The reaction mixture was stirred at room temperature overnight and was 
then filtered. The solid was washed with portions of until the washings were neutral. 
This solid was air dried and recrystallized from MeOH to give 1 .1 1 5 g (3 crops, 72%) of 1 7. 
mp 22800; NMR (DMSO^g) d 13-14 (br, s, 1. 1-NH), 7.93 (s, 2, 4-H, 7-H). 
2-Chloro-5mttrobenzimidazole (19) 

25 To 210 mL of fuming HNO3, 2-chlorobenzimidazole (13.42 g, 87.% mmole) was 

added portionwise over a period of 10 min with stirring and ice-HgO cooling. After the 
addition, the cooling bath was removed and stirring was continued at room temperature 
overnight. This reaction mixture was cooled to '^(TC, poured into 300 mL of ice, and 
neutralized carefully with cone. NH4OH to '^pH a The resulting suspension was tittered. 

30 The yellowish solid product was washed with portions of H2O and air-dried. The filtrate 
and washings were combined and extracted with EtOAc (200 mLx 2). The EtOAc solution 
was washed with sat. NaCI solution (200 mL x 2), dried (Na2S04), and evaporated to give 
1 .3 g of a yellowish solid. The solid was comt)ined with the major part of the product and 
was recrystallized from MeOH to give 16.34 g (5 crops, 94%) of 19 as yellowish crystals. 

35 mp 235-23rC. MS (El) m/e 1 96.9984 (1 00%, M+ =1 96.9992). NMR (DMSO-d^) d 1 4.06 
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(br. s. 1, 1-NH), 8.41 (s, 1, 4-H), 8.14 (dd, 1, 6-H, Jg^^ZO Hz, J6_7=9.0 Hz), 7.71 (d, 1, 
7-H). 

2-Ch[oro-4.S.6-trlbromob nzlmldazole (20^ 

To a suspension of 4.578 g (30 mmol) of 2-chlorobenzimiddzole (16) in a mixture 

5 of MdOHA-BuOH/H20 (20 0)1725 mUl 00 mL), was added dropwise a solution of Br^/MeOH 
(7.728 mU20 mL) over 2 h. After tiie addition had been completed, tiie reaction mixture 
was stirred at room temperature for 1 day. More solvents (MeOH/l-l20, 25 miyiOO mL) 
were added, stimng was continued at room temperature for 2 days. Fresh Br2/MeOH 
(1 .546 mUlO mL) was added, stirring was continued at room temperature for 1 day and 

10 then at 50^0 for 6 hr. The reaction mixture was cooled and filtered. The filter cake was 
washed with portions of H2O, air-dried, and fractionally recrystallized from MeOH to give 
1 .70 g (15%) of 2D as crystalline needles (mainly one spot on TLC). {the major fraction 
(6.154 g) was a mixture of compounds 17, 20, and 2-chloro-4,5,6,7- 
tetrabromobenzimidazoie (23}. MP: 263-266°C. '^H NMR (DMSO-d^: d 14.00 (br s, 1, 

15 1.NH),7.96{s, 1,7(4)-H}. 

5f6VAmino-2-ch!oro-6f5)-nitrobenzlmidazole f25) 

A mixture of 1 .21 3 g (5.0 mmol) of 2-chloro-5,6-dinitrobenzimidazole (22) and 1 .398 
g (25 mmol) of iron powder in 50 mL of AcOH was stirred at room temperature for 4 h. 
The reaction mixture was diluted with 1 00 mL of EtOAc, filtered, and the solid was washed 

20 with portions of BOAc (total EtOAc used 100 mL). The filtrate and washings were 
combined and washed wRh H2O (1 00 mL x 3). The HgO layer was extracted with 100 mL 
of EtOAc. The EtOAc solutions were combined, evaporated, coevaporated with toluene 
(10 mL x 3), MeOH (10 mL x 2) to give a brown solid. 

The brown solid was absorbed on 30 mL of silica gel and was chromatographed 

25 on a silica column (3 x 25 cm, eluted successively with 2%, 4%, 8% MeOH/CHCl3). 
Evaporation of fractions 30-58 (20 mL per fraction) and recrystallization from MeOH gave 
0.431 g (2 crops, 41%) of 25 as red crystals. MP: >250°C (dec). MS: (El) m/e 212.0096 
(100%. M"^ =212.0101). NMR pMSO-dg): d 13.07 (brs, 1, 1-NH), 8,15 (s, 1, 7-H). 7.06 
(s. 2. 5-NH2). 6.91 (s. 1, 4-H). Anal, Galcd. for C7H5CIN4O2: C, 39.55; H. 2.37; N. 26,35. 

30 Found: 0, 39.81; H. 2.11; N, 26.43. 

2-Chloro-5f6)-iodo-6(5)-nrtrobenzlmidazolef26)from2-KDhloro-5.6Kiinrtrobenzimidazolef2^^^ 
A mixture of 1 .21 3 g (5.0 mmol) of 22 and 1 .398 g (25 mmol) of iron powder in 50 
mL of AcOH was stirred at room temperature for 4 hr. The reaction mixture was diluted 
with 100 mL of BOAc, filtered, and the filtrate was washed with portions of EtOAc (total 

35 EtOAc used '"100 mL). The filtrate and washings wer c mbined and washed with HgO 
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(50 mL X 3). The HgO layer was extracted with 100 mL of EtOAc. The EtOAc s lutions 
were cx>mblned, evaporated, ooevaporated with toluene (10 mL x 3). MeOH (10 mL x 2) 
to give a brown aoiid. 

The brown sofid was dissolved in a mixture of Cone. H2S04/ice-IH20 (1 4 mL/20 mL) 

5 at 0»C. To this mixture, was added dropwise a solution of UaND^O (6.994 g, 13.688 
mmoi/5 mL). The reaction mixture waa stined at 0»C for 1 hr. A solution of mea/Hjp 
(0.411 g/3 mL) was added and stirring was continued at 0°C for TO min. A solution of 
KI/H2O (2272 g/5 mL) was added and stirring was continued at room temperature fbr 18 
h. The reaction mbclure was extracted virtth B0Ac(1 00 mLx 2). The EtOAc solution vras 

10 washed with HgO (100 mL). sat NaHCOg (100 mL). sat NaCI soluUon (100 mL), dried 
(Ha^^, and evaporated. The residue was ehromatographed on a silica column (2.2 x 
25 cm, eiuted successively wrtth 1%, 2% MeOH/CHCig). Fractions 2(M1 (20 mL per 
fraction) were collected, washed with tid^O^O (1 g/100 mL). dried(Na2S04). and 
evaporated. The residue was recrystallized from MeOH to gave 0.593 g (3 crops. 40%) 

15 of 26 as yellowish crystals. MP: ~ Z\3rC (dec). MS: (EO m/e 322.8968 (100%. 
M+=322.8959). NMR pMSO<Je): d 13.98 (brs, 1, 1-NH), 8.24, 6.16 (2x 8. 2, 4-H and 
7-H). Ads!- Calcd. for C7H3OIIN3O2: 0, 25.99; H. 0.93; N, 12.99. Found: C. 25.74; H. 
0.73; N, 12.71. 

Bf5^^mino-2-c hlQro.Sf6yQdobBnzlmlda2olef26a) 

20 A mixture of 0.339 g (1.048 mmol) of 26 and 0.090 g (wet) of Ra-NI in 10 mL of 

EtOH was hydrogenated at room temperature, 50 psi of H2 for 7 h. The reaction mixture 
was mtered and the filtrate was evaporated. The residue was ehromatographed on a silica 
column (2x6 cm, eiuted successively with 1%, 2%, 3% MeOH/OHag). Evaporation of 
fractions 11-17 (20 mL per fraction) gave 0.190 g (62%) of 26a as a foam. An analytical 

25 sample (a yellowish crystalline compound) was obtained by recrystaltization from MeOH. 
MP: >20ff'C (dec). MS: (El) m/e 292.9202 (100%. M*=232.9217). ^H NMR pMSO^lg): 
d 1Z80 (br s, 1. 1-NH). 7.75 (s. 1, 4-H), 6.87 (s, 1, 7-H), 5.03 (s, 2, B^Hg). ADSi- Calcd. 
for CyHgaiNg: C, 28.65; H. 1.72; N, 14.32. Found: 0. 28.84; H, 1.66; N, 14.17. 
g.4.&-TriehlorQbenrimlda20le (32) 

30 To a solution of CUCI2/H2O (45 g/1 00 mlO. were added a solution of NaNOj/HjO 

(4.14 g. 60 mmol/20 ml^ and then a solution of 29/MeOH (4.04 9, 20 mmo|/20 mL). After 
the addition, stirring was continued at room temperature fori hr.TTie reaction mixture was 
then heated on a steam bath for 1 hr. During this period of heating, an additional fresh 
NaNOg^O solution (4.1 4 g, 60 mmol/20 mL) was added dropwise. The reaction mixture 

35 was cooled and extracted with EtOAc (200 mL x 2). The EtOAc solution was filtered and 
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th fiFtrate was washed with half sat NaCI solution (200 ml x 2), dried (Na2S04), and 
evaporated. Th residue was chromatographed on a silica column (4 x 25 cm. eluted with 
2% MeOH/CHCl3). Evaporation effractions 46-68 (20 ml per fraction) gave 1.796 g (41%) 
of 8 as a white foam. An analytical sample was obtained by recrystallization from MeOH. 
5 MP: 233-234*^0. MS: (El) m/e 219.9357 (100%. M+ =219.9362). NMR (DMSO-dg): d 
13,92 (br s, 1, I^H). 7.58 (^-. 1. 5-H or 7.H), 7.44 ("d". 1. 5.H or 7-H, J5.7=1.5 Hz). 
Anal, calcd. for C7H3CI3N2: C 37,96, H 1.37, N 12.65. Found: C 38.13. H 1.68, N 12.67. 
2-Amino-5f6)-chlorobenzimldazo!e (341 

To a solution of 5 M BrCN/CF^CN (10 ml) in 100 ml of IH2O) was added dropwise 

10 a solution of 7.1 3 grams (50 mmoles) of 4-chIoro^-phenylenedlamine In methanol (1 00 ml) 
over a period of 30 minutes while stirring. The contents were reacted at room temperature 
for an additional twvo hours. The reaction solution was concentrated to approximately 100 
ml and extracted with EtOAc (200 ml/100 ml H2O). The organic phase was extracted a 
second time with an additional 100 ml of distilled water and then discarded. The 

1 5 combined water phases were neutrafized with 40 ml of saturated sodium bicarbonate. The 
resultant precipitate was collected by filtration. The filter cake was washed vwth portions 
of H2O (1 00 ml) and air dried. The filtrate and washings were combined and extracted with 
EtOAc (too mi X 2). The EtOAc solution was dried (I^SO^) and evaporated to give a 
solid. This was combined with the major part of the solid product and was coevaporated 

20 with EtOH (2x) . The resulting solid was suspended In 1 00 mi of CHCI3 and the suspension 
was filtered. The filter calce was washed with portions of CHCI3, and air dried to give 6.62 
grams of 34 as a yellowish solid. The filtrate and washings were evaporated and the 
residue was again suspended in a small amount of CHCI3. RItration of the suspension 
gave an additional 0.88 grams of 34 as a yellowish solid. This material was used for 

25 subsequent reactions without further purtfication. The total yield of 34 was 7.50 grams 
(90%). mp159-16rC. MS (El) m/e 167.0243 (100%. !yi+=167.Q250). NMR (DMSO-dg) 
d 10.81 (br. s, 1. 1-NH). 7.09 (d. 1, 4-H. J4^^2.0 Hz). 7.06 (d, 1, 7^H. J7^=a5 Hz), 6.84 
rd". 1 . 6-H), 6.33 br. s, 2, 2-MH2). 
2.5f6)-Dlchlorobenzimidazole (35) 

30 2-Amino-5(6)-chiorobenzlmidazoie (34) (10.06 grams, 60 mmoles) was added 

portionwise to an aqueous solution of cupric chloride (120 grams) and sodium nitrite 
(12.42 grams) while stirring. Ttie reaction mixture was stirred for one hour at room 
temperature. At this time the reaction mixture was extracted with EtOAc (200 mi x 3) to 
pr vide a brownish discoloration of the organic phase. The EtOAc phase was wash d 

35 with saturated NaCI solution, dried with Na2S04, and evaporated In vacuo to reveal a 
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brown precipitate which was added to a silica column. Elirtion with 2% MeOI4/CIHCl3, 
while increasing the polarity graduaity to 5% MeOH/CHCl3, and evaporation of the 
appropriate fractions provided a brownish^vhite precipitate which was susp nded in Et20 
and filtered to yield 53.1% (grams) of 35. mp 209-212^0. MS (Ei) m/e 185.9751 (100%, 
5 1^-^=185.9752). NMR (DMSO-dg) d 13.5 (br. S, 1. 1-NH), 7.59 (d. 1. 4-H, J4^=2.0 Hz), 
7.52 (d, 1, 7-H. J7^=8.5 Hz), 7.25 (m, 1, 6-H). 
2'Chloro-5.6-dHodobenzlmldazoie (Ai) 

Compound 26a (0.190 g, 0.647 mmoi) was dissolved in a mixture of cone. 
H2S04/ice-H20 (2 mU3 ml) at O^C. To this mixture, was added dropwise a solution of 

10 NaNOg/HgO (0.134 g, 1.942 mmol/5 mL). The reaction mixture was stirred at room 
temperature for 1 hr. A solution of WHgO (0.537 g/5 mL) was added dropwise and stirring 
was continued at room temperature for 3 h and then lOO^C for 15 min. The reaction 
mixture was extracted with EtOAc (50 mL x 2). The EtOAc solution was washed vrfth 
NsgSaOg/HgO (1 g/50 mL). sat. NaHC03 (50 mL), sat NaCI solution (50 mL), dried 

15 (Na2S04), and evaporated. The residue was recrystaiiized from MeOH to give 0.169 g of 
41 as a yellowish crystalline compound. The mother liquor was evaporated and the 
residue was chromatographed on a silica column (2x4 cm, eluted successively with 1 %, 
2% MeOH/CHCl3). Evaporation of fractions 4-6 (20 mL per fraction) and recrystallization 
from MeOH gave additional 0.040 g of 41 . The total yield of 41 was 0.209 g (80%). MP: 

20 228-229<'C (dec). MS: (El) m/e 403.8064 (100%, M'*'::=403.8074). ^H NMR (DMSC^dg): d 
13.50 (brs. 1, 1-NH), 8,11 (s, 2, 4-H and 7-H). Ana!. Calcd. for C7H3CII2N2: C, 20.79; H, 
0.75; N, 6.93. Found: C, 20.73; H, 0.83; N, 6.74. 
2-Amlno-4m-chioro-6f5)-trifluoromethvlbenzimidazole (41 b) 

To a stirred solution of 4.8 mL of 5 M BrCN/MeCN in 40 mL of H2O, was added 

25 dropwise a solution of 3-chloro-5-trifluoromethyl-1 ,2-phenylenediamine (41 a) (4.21 2 g, 20 
mmoi) in 40 mL of MeOH at room temperature over 20 min. After the addition had 
finished, stirring was continued at room temperature for 3 hr. The reaction mixture was 
concentrated to 40 mL and then was washed with EtOAc (50 mL). The EtOAc phase 
was extracted with H2O (50 mL). The combined H2O phase was neutralized with sat. 

30 NaHCO^ solution to pH 6 and the resulting suspension was extracted with EtOAc (1 00 
mL X 2). The EtOAc phase was washed with sat NaCI solution (1 50 mL), dried {Ha^O^, 
and evaporated to give 3.913 g (83%) of 41b as a white foam. This product showed a 
single spot on TLC. An analytical sample was obtained by addition of CHCI3 to the above 
foam to effect crystallization. MP: ISO-ia^C. MS: (El) m/e 235.0121 (100%, 

35 M+=235.0124). "^H NMR (DMSO-dg): d 11.77, 11.25 (2 x br s* t, 1-NH), 7.35, 7.26 (2 x 
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s, 2, Ph), 6.90, 6.53 (2 X br s*. 2, 2-NH2). Anal. Calcd. for C3H5CIF3N3: C. 40.79; H, Z14; 
N. 17,84. F imd: C, 40.90; H, 2.34; 17.79. 
*lt indicated the existence of two tautomers. 
2>4{7>-Dlchloro-6f5)-trifluoromethviben2imldazoie f41c^ 
5 To a solution of CuCl2^0 (20 g/50 mL), was added a solution of NaN02^0 

(3.45 g, 50 mmol/20 mL). Compound 41b (2.356 g, 10 mmol) was then added portionwise 
over 1 0 min (2 mL of t-BuOH was added to help the mix). After the addition had finished, 
stimng was continued at room temperature for 1 h. The reaction mixture was then heated 
at 7CPC for 30 min. During this period of heating, an additional fresh NaN02/H20 solution 

10 (3.45 g, 50 mmol/20 mL) was added dropwise. The reaction mixture was cooled and 
extracted with EtOAc (75 mL x 2). The EtOAc solution was filtered and the filtrate was 
washed with sat NaQ solution (1 00 mLx2), dried {Na^O^, and evaporated. The residue 
was chromatographed on a silica column (3 x 25 cm, eluted with CHCI3, 1% 
MeOH/CHCy. Evaporation of fractions 35-42 (20 mL per fraction) gave 1 .369 g (54%) of 

15 41c as a yellowish solid. An analytical sample was obtained by recrystallization from 
IWIeOH. MP: 187-18^0. MS: (EQ m/e 253.9629 (100%, M+=253.9625). NMR 
(DMSO-dg): d 14.22 (br s, 1, 1-NH), 7.86. 7.68 (2 x s, 2, Ph). Ana!. Calcd. for 
C8H3CI2F3N2: C, 37.68; K 1.19; N, 10.98. Found: C, 37.81; H, 1.08; N. 11.06. 
1 'f 5-0-Acetvl-B-D-ribofurano5vn-2.5.6-trichlorobenzimidazole f42a\ 

20 A mixture of 42 (0.48 g, 1 .0 mmol) and KOAo (0,49 g, 5.0 mmol) in MeOH/HgO (20 

mL/2 mL) was stirred at room temperature for 24 h. AcOH (0.286 mU 5.0 mmol) was 
added and stirring was continued at room temperature for 15 min. The reaction mixture 
was evaporated and the residue was partitioned between H2O/CHCI3 (50 mUSO mL). The 
CHCI3 layer was washed with sat NaCI solution (50 mL), dried (Na2S04), and evaporated. 

25 The residue was chromatographed on a silica column {1 .9 x 20 cm. eluted with CHCU, 1 % 
2%, 4% MeOH/CHCIg). Evaporation of fractions 42-51 (15 mL per fraction) and 
recrystallization from MeOH gave 0.178 g (2 crops, 45%) of 42a as wliite crystals. MP: 
82-87»C. MS: (El) m/e 393.9875 (20%, M"^=393.9890). NMR PMSOdg): d 8.00, 7.96 
(2 X s, 2, 7-H and 4-H), 5.91 (d. 1 , 1 '-H, J,.^=7.5 Hz), 5.59 (d, 1 , 2'-0H, J2-.2'OH=6.0 Hz), 

30 5.45 (d, 1 , 3'-0H, J3.^.oh=4.5 Hz), 4.44 (dd, 1 , S'-H, J5.^.=4.5 Hz, Jg-^-^l 2.5 Hz), 4.42 (m, 
1 , 2'-H, J2.^.=6.0 Hz), 4.25 (dd, 1 , 5^-H. Jy^.^ZS Hz>, 4.1 7 (m, 1 , 4'-H, Jg-^.sS.S Hz), 4,1 1 
(m. 1, 3'-H), 2.14 (s, 3, 5'.0Ac). ^^C NMR (DMSC^dg): d 169.95 (gOCHg), 142.03 (C2), 
140.92 (C3a), 132.30 {C7a), 125.96, 125.86 (C5 and C6), 120.28 (C4), 113.47 (C7), 89.32 
(Cn, 82.63 (C4*), 71.41 (C2'), 69,03 (03*), 63.35 (05*). 20.56 (COCH3). Aoai. Calcd. for 

35 C14H13CI3N2O5: C, 42.50; H, 3.31 ;N, 7.08. Found: C, 42.45; H, 3.20; N, 6.97. 
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^.Am}no.5.g^lehloro-1-r2.3.S-tri-0>ace tvl-ll.D-rlbofuranosvft benzimldaz I (43) 

2-Amlno-5,6-dlchlor benzimidazole (4) (3 g, 16 mmole) was dissolved in dry 
acetonttrile (150 ml) and stirred in an inert atmosphere at 60°C. BSA (4.37 ml, 17 mm le) 
was added and the mixture was stirred for 10 minutes. 
5 1 ^,^.5-tetra-0-acatyl-^-D-ribofurano8e (5.09 g, 16 mmole) and TMSTf (3.29 ml, 1 7 mmole) 
were added to the dear solution and the mbcture was allowed to stir at BOrC for 1 hr. The 
mixture was concentrated under reduced pressure and sepsvated on a silica column to 
yield 1.14 g (15%) of 2-amino-5,6^ichloro-1-(2,3,5,trt-0-«cBtyl-p-D-ribofuranosyl) 
benzimidazole (43). ^^C NMR (CDCI3): d 170.04 ppm, 169.66, 169.11, 164.57, 141.64. 

10 13Z53, 125.90, 1123.45, 117.72, 109.49, 85.78, 80.99, 70.95, 69.83, 62.91, 20.74, 20.54, 
20.20. NMR {CDCI3): d 0.96 ppm (s, 3H), 1.09 (s, 3H), 1.13 (s, 3H), 3.75 (m, 2H), 4.08 
(dd. 1H). 5.00 (dd, 1H). 5.13 (t, 1H), 5.42 (s, 2H), 5.61 (d. 1H). 7.27 (s. 1H), 7.42 (s, 1H). 
MS (FAB): m/e 758, 718, 676, 460, 426, 259, 217, 139. 
g.Amlno-S.6-dichloro-1 -f 6-D-ribofuranosvnbenzimldazole (44) 

15 2,5,6-Trichioro-1-(2.3,5-triO-acetyl-p-D-ribofuranosyObenzlmidazole (42, 0.48 g; I 

mmole) was dissolved in dry MeOIH (10 mQ. Uq. NH3(10 ml) was added and the mixture 
heated In a steel bomb at 1 00°C for 2 hr. This mixture was stirred at room temperature for 
24 hr. Excess NH3 was allowed to evaporate and the solution evaporated to dryness, 
absorbed onto silica gel (2 g), and chromatographed on a silica gel column using silica 

20 gel (20 g; 60-200 mesh). Elution of the column with CHjC^rCHgOH (96:4) gave the 
desired compound 44 as the major nucleoside. Evaporation of the solvent and 
crystallization of the residue from EtOH gave 44 (0.02 g; yield 6.06%). mp. 145<'C; UV 1^^^. 
(MeOH): 259 (7941) and 301 (8348) nm; l^a^ (PHI): 215 (26000) and 292 (7620) nm; l^gx 
(pHII): 257 (7967) and 298 (7107) nm. NMR(DMSO- dg): d 8.70 (s,1H, C^-H, 

25 8.28(s,1 H, C4-H). 7.90 (bs,2H, DgO exchangeable, NHg), 6.75(d,CrH, J^^= 4.5 H^) and 
the rest of the sugar protons. 

1 -(5-Q-Acetvl-B^D-rlbofuranosvn-2-bromo-5.6-dichlorobenzimldazole (S2b) 

A mixture of S2a (1 .048 g, 2.0 mmol) and KOAc (0.98 g. 1 0.0 mmol) in MeOH/IHjO 
(40 mL/4 mL) was stin-ed at room temperature for 24 hr. AcOH (0.572 mL, 1 0.0 mmol) was 

30 added and stirring was continued at room temperature for 15 min. The reaction mixture 
was evaporated and the residue was partitioned between EtOAc/H^O (75 mlV75 mL). The 
EtOAc layer was washed with sat. NaCI solution (75 mL), dried (NagSO^), and evaporated. 
The residue was chromatographed on a silica column (1 .9 x 24 cm, eluted with CIHCIg, 2%, 
3%, 4% MeOI-l/CHCIg). Evaporation of fractions 15-27 (15 mL per fraction) and 

35 recrystallization from MeOH gav 0.50 g (2 wops, 57%) of 52b as white crystals. MP: 
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85-95»C (melted Slowly vera large range) MS:(EI)m/ 437.9398(15%, M+=437.9385). 

NMR (DMSO-dg): d 8.00, 7.95 (2x s, 2. 7.H and 44H), 5.90 (d, 1. 1'-H, J,.^=7.5 Hz), 
5.58 (d, 1. ^-OH, J2..2.0H=6.5 Hz), 5.46 (d, 1, 3'-0H, Jg-^oH^'^-S Hz). 4.44 (dd, 1. 5*-H, 
jg.^.=4.6 Hz, J5.^»12.5 Hz). 4.43 (m, 1, 2'.H, J2.^=6.0 Hz). 454 (dd. 1, P-H, J5.^.=2.0 
5 Hz), 4.16 (m, 1, 4'-H. J3.^.=3.0 Hz), 4.11 (m. 1. 3'-H). 2.15 (s, 3, 6'-0Ac). nmR 
(DMSO^: d 169.96 (QOCHg), 14Z57 (C3a), 132.49, 132.42 (C2 and C7a), 125.78, 
125.74 (C5 and C6), 120.1 4 (C4). 1 1 3.28 (C7). 90.32 (CI •), 82.56 (04"), 71 .27 (C21. 68.99 
(C3'), 63.34 (C5'), 20.58 (COCH3). AOiL Calcd. tor C^^HigBrCyjgOg: C, 38.21; H. 2.98; 
N. 6.37. Found: C. 38.37; H, 2.86; N. 657. 

10 5.6-Dlchloro-1-f6-D-ribofuranosvnbenri mlda20l-2.thiona (BSi 

A mixture of dry 5,6-dichlorobenzim!dazole-2-tNone (3, 2.1 9g 10 mmole), 
hexamethyldisiiazane (4ml) and (NH4)2S04 (0.1 g) was heated at reflux temperature with 
stirring for 15 hr under anhydrous conditions. The dear brown reaction mixture was 
fractionated to remove unreacted HMDS under reduced pressure (water aspirator) to afford 

15 the disilylated compound. The sliylated compound was mixed with 

1- bromo-2,3.S-trl-04cetyl-D-rlbofuranose (from 3.5 g (11 mmole) of tetraacetylsugar) and 
sodium Iodide (0.05 g). The mixture was then fi»ed at 1 1 0°C (oil bath temperature) with 
sBning for 45 minutes under reduced pressure. The reaction mixture which had been 
cooled to room temperature was dissolved in CHCI3. The CHCI3 solution was washed with 

20 a cold saturated aqueous sodium bicarbonate solution (1 00 ml x 4) and then cold water 
(100 ml X 4). The CHCI3 P^^se was dried over Na2804 and evaporated on a water bath 
(40»C) to dryness to yield a symp t5.6^chloro-1-(2,3,5*K5-acetyl-p-I>dbofuranosyl) 
benzlmidazole-24hione]. The syrup was dissohred in methanolle ammonia (methanol 
saturated with ammonia at 0*0, 100 ml) and allowed to stand at room temperature for 24 

25 hours. After the methanolle ammonia had been removed at room temperature, a symp 
remained which was triturated with cold water (30 mO. The solid material (2548 g) which 
separated was collected by fytraUon and was appfied to aflash column chromatography 
on silica gel with CHgCyileOH (15:1) as eluant Fractions were collected (25 ml each), 
and fractions containing the desired compound were combined and evaporated to obtain 

30 53 which was crystallized from aq. Eton. Overall yield 2.0 g, 67.0%, mp 241*0. 

2- BenzvlthlQ-S.e.dte hloro-l -4 B-D-ribofuranosvi^benzimldazQla (54) 

Compound 53 (0.5 g) was dissolved In cold water (1 0 mO containing concentrated 
ammonium hydroxide (2.5 ml). Benzyl chloride (0.5 mO was added to this solution with 
stirring and the stirring continued at room temperature for 5 hours. The white solid (0.41 
35 g) which had separated from solution was collected by filtration, washed with cold water. 
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The solid was extracted with ethyl acetate (1 00 ml) and the ethyl acetate phase was dried 
ver anhydrous Na2S04 and then evaporated by aspirator to give a syrup. The syrup was 
subjected to a flash column of silica gel with CH2Cl2-MeOH (15:1) as eluant. Fractions 
were collected (25 ml each) and fractions containing the desired compound were 
5 combined and evaporated to afford 64 which was crystallized from CH2Cl2*MeOH (1 5:1), 
mp. 14g°C, Yield 0.223 g (35.5%). 

2-Chloro-5,6-dibromo-1-f2.3.5-tri-0-^cetvl-B*D-ribofuranosvnbenzimidazole (SB) and 
2-Chloro-5.6-dlbromo-T-f2.3.54ri-0-^cetvl-g-D-ribofuranosvnben2imlda2o!e 

A suspension of 931 mg (3 mmole) of 2*chloro-5,6-dibromobenzlmidazole (17) in 

10 15 ml of dry CH3CN was treated with 0.8 mL (3 mmole) of N,0-bis(trimethylsilyl) 
trifluroacetamide (BSTFA) at 75*'C for 1 0 min to give a clear solution. To this solution, was 
added 955 mg (3 mmole) of 1,2,3,54etra-0-acetyl-p-D-ribofuranose and 0 64 mL (3.3 
mmole) of trimethylsilyl triflate (TMSTf). Stirring was continued at 75**C for 1 hr. The 
reaction mixture was cooled to room temperature and then diluted with 100 mL of EtOAc. 

15 The EtOAc solution was washed with a sat. NaHC03 solution (100 mL x 2), sat. NaCI 
solution (100 mL), dried (NSgSO^), and evaporated. The residue was chromatographed on 
a silica column (3 x 20 cm. eluted with CHCI3). Evaporation of fractions 4-10 and 
recrystalilzation of the residue from MeOH gave 946 mg (56%) of 56 as white crystals, mp 
1 40-1 42°C; I^S m/e 565.9082 (0.9%, =565.9091 ); NMR (DMSO-dg ) d 8,20 (s, 1 .7-H), 

20?' 8.11 (s, 1, 4-H). 6.25 (d, 1. V-H), 5.55 (t, 1, 2'-H). 5.43 (dd, 1, 3'-H), 447 (m, 2, 5'-H. 4'-H), 
4.37 (m, 1, 5"-H), 2,15, 2.14, 2,02 (3 X s, 3 X, 3.3 X Ac). Evaporation of fractions 13^15 
gave 392 mg (23%) of the a anomer as a white foam. NMR (DMSO-d^) d 8.07, 8.06 (2 
X s, 2, 4-H, 7-H), 6.70 (d, 1, I'-H). 5.71 (t, 1, 2'-H), 5.50 (dd, 1, 3'-H), 4,81 (m, 1. 4*.H), 4, 
36 (dd, 1, 5'-H), 427 (dd, 1, 5"-H), 

25 2-chloro-5.6-dibromo-1 -f B-E)-ribofuranosvRt)enzimidazole (57^ 
Method A (S7) 

A solution of 569 mg (1 mmole) of (56) In 20 mL of NI-l^/MeOH was stirred in a 
sealed flasic at room temperature for 5 hr. Volatile materials were removed by evaporation. 
The residue was recrystailized from MeOIH to give 337 mg (2 crops, 76%) of 57. its 
30 NMR spectrum was identical to that of (57) prepared by a direct bromination; see Method 
B. 

Method B (57^ 

To a suspension of 570 mg (2 mmole) of 2-chloro-1-(p-D-ribofurano3yl)- 
benzimidazole in 50 mL of H2O, was added dropwise 50 mL of Br2^i-l20 ver a period of 
35 30 min. The reaction mixture was stirred at room temperature for an additional 3 hr. 
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(Though the reaction mixture remained as a suspension, the shape of the crystals changed 
and TLC indicated a clean reaction). The reaction mixture was aiiowed to stand in an ice 
bath for 30 min. and then filtered. The solid was washed with portions of until the 
washings were neutral. This solid was air dried and recrystailized from MbOH to give 757 
5 mg of product (87) (80%) as white crystalline needles. MP 126-129^0; MS (FAB) m/e 
440.8862 (3%, I^H+ -440.8852); ^ H NMR (DIViSO-de) d 8.68 (s, 1 . 7-H) 8.09 (s, 1 , 4+i), 5.88 
(d, 1. r-H), 5.51 (d. 1, 2'.0H), 5.40 (t, 1, y.OH I 5.30 (d,l, S'-OH), 4.42 (m. t, 2'-H), 4.14 
(m, 1, 3'.H). 4.01 (m, 1, 4'-H). 3.70 m, 2, 5'-H). 

2-Chloro-5.6-drfluQro-1-f2.3.54rlO-acetvl-B-D-ribofuranosvi)benzim ^64} gp d 

10 2-Chloro-5.6-difluoro-1-f2.3.5-tri«0-^cetvl -a-D-ribofuranos\^^ben2imi^^ 

To a suspension of 0.943 g (5 mmole) of 12 in 25 mL of CICHgCUgCI, was added 
1 .25 mL (5 mmole) of BSA at 7yC. The reaction mixture was sHnred at 75^*0 for 30 mIn. 
To this solution, was added 1 .75 g (5.5 mmole) of 1 ,2,3,5-tetra-0-ace1yl-p-D-ribo1uranose 
and 1.07 mL (5.5 mmole) of TMSOTf. Stirring was continued at 75°C for 30 min. The 

15 reaction mixture was cooled to room temperature, diluted with 100 mL of CHCIa. and 
extracted with saL NaHCOg solution (100 mL x 2) and sat. NaCi soiution (100 mL). The 
Ci^Clg phase was dried (NagSO^) and evaporated. The residue was chromatographed on 
a silica column (3 x 25 cm, eluted successively with 0.5%, 1 % MeOH/CHCig). Evaporation 
of the appropriate fractions and recrystaliizaUon of the residue from MeOH gave 1.257 g 

20 (3 crops. 56%) of 64 as crystalOne needles. MP 90-91°C; MS m/e 446.0694 (5%, 
M+=446.0692): NMR (DMSOdg) d 7^3 (dd. 1 . 7-H, ®JF4^=10.5 Hz, '♦jp^=7.5 Hz), 7.82 
(dd, 1, 4-H, ^Jp^=10.5 Hz. *Jf^=7.5 Hz), 6.23 (d, 1, 1'-H, J^.^-T-O Hz), 5.55 (t, 1. 2'-H. 
J2.^.=7.0 Hz), 5.44 (m, 1, 3'-H, ^=4J5 Hz), 4.45 (m, 3. 4'-H and 5'-H), 2.13, 2.10, 2.02 (3 
X s, 9, 3 X Ac); NMR (DMSO-dg) d 169.95, 169.50, 169.18 (3 x OCOCH3), 148.76. 

25 148.62, 146.10, 145.93 (C5 and C6. ^Jp^«242 Hz). 140.16 (C2), 137.01 (CSa, %^;a12 
Hz), 128.54 (C7a, %^=12 Hz), 107.31, 107.09 (C4, Jp^=20 Hz). 100.93. 100.66 (C7. 
Jf^=24 Hz), 86.89 (CI'), 79.41 (G4'), 70.40 (C2"). 68.62 (C3'), 62.67 (C5^ 20.43, 20.28, 
20.00(3xOCOCH3). 

Further elution and evaporation of the appropriate fractidns gave 0.456 g (20%) of 

30 the a anomer as a syrup. MS m/e 446.0680 (12%, M+=446.0692); ^H NMR pMSO-dg): 
d 7.75 (m, 2, 7-H and 4-H), 6.69 (d, 1, 1'-H, Jv.2-4.0 Hz), 5.69 (t, 1, 2'-H, J2.^.=5.0 Hz), 
5.49 (dd, 1, 3'.H, J3.^.=7.0 Hz), 4.90 (m, 1, 4'-H). 4.37 (dd, 1, 5'+l. J5.^.=3.5 Hz; 
J5.^.=1Z0 Hz). 4.26 (dd. 1. 5"-H. J5.^.=5.5 Hz), 2.09, 2.03. 1.54 (3 x S, 9, 3 x Ac); 
NMR (DMSO-dg): d 170.05. 16927, 168.34 (3x OCOCH3), l'*8.54, 148.37, 148.19. 145.88, 

35 145.71, 145.54 (C5 and C6, ^Jp^=241 Hz, 2jp^=lB Hz), 139.68 (C2), 136.71, 136.58 
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(C3a, %^=1 1 Hz), 129.45, 1 29.32 (C7a, %^»12Hz), 1 06.66, 1 06.44 (C4, 2Jf^=20 Hz), 
101.79, 101.52 (C7, 2Jf^=24 Hz). 86.43 (Q^, 78.16 (C40, 70.97 (C2'), 70.39 (C3'), 6Z69 
(C5'), 20.49, 20.09, 19.48 (3 X OCOCHg). 
g.ChlorQ-5.S-dffliJoro-1 B-D-rlbofuranosvnbenzlmldazole (63i 
5 Compound 64 (0.894 g, 2 mmole) was treated with 20 mL of NH^i^eOH in a 

pressure bottle at room temperature for 3 hr. The reaction mixture was evaporated and 
coevaporated with MeOH to give a soiid. This was recrystalllzed from MeOH to give 0.573 
g (3 crops, 89%) of 65 as a crystalline compound. MP ~215°C (dec); MS m/e 320.0385 
(20%. IWI+=320.0375); NMR (DMSOdg): d 8,34 (dd, 1, 7-H, %^=11.5 Hz, *JF4^=7.5 

1 0 Hz), 7.77 (dd, 1 , 4-H, %^=1 1 .0 Hz. Jfjn='7.5 Hz), 5.88 (d, 1 , 1 '-H. .^-8.0 Hz), 5.50 (d, 
1, 2'-0H, J2.2^H=6.5 Hz), 5.45 (t, 1, 5'-0H, Js-^-oh-^-S Hz), 5.30 (d, 1, 3'-0H, Jg-^-oH'^-S 
Hz). 4.40 (m, 1. 2'-H, J^^.=5.5 Hz), 4.14 (m, 1, 3'-H, J3.^.=1.5 Hz), 4.01 (m, 1, 4*-H), 3.72 
(m. 2, 5'-H, J5.^.=2.5 Hz, J5.^=12.0 Hz); NMR (DMSOKle): d 148.53, 148.42, 148.37, 
148.26, 145.88, 145.76, 145.72, 145.60 (C5 and C6, ^Jf^=241 Hz, ^Jf:^=16 Hz ). 140.84 

15 (C2), 137.16, 137.04 (C3a. ®Jf^=11 Hz). 128.55, 128.42 (C7a, %<;=12 Hz), 106.77, 
106.54 (C4. 2Jf^=20 Hz), 102.12, 101.84 (C7, %^=25 Hz). 89.10 (CI*), 86.39 (C4'), 
71.55 (C2'), 69.81 (C3'), 6 .12 (050. 

2.5- Dichtoro-&fluoro-1 -/2.3.&»l-0-acetvl-B-I3-ribofurano3vRbenzimtdazole (2.5-B-anomer) 
g2.6-D!chioro-5-fluoro-1-f2.3.5-trl-0-acelyl-fl-D-ribofuranosvl)bBnzimldazolef2.6-B-anomer) 

20 and 2.5-Dichloro^uoro-1-f2.3.S-tri-0-acetvl-tt-D-rlbofuranosvn benzimidazole f2.5-g- 
anomer) & 2.6-D!chloro-5-fluoro-1-f2.3.S-tri-0-acetvl-«-I>^ofuranosvhbenzlmfdazole 
f2.6-«-anomeri 

To a suspension of 0.410 g (2.0 mmoQ of 12c in 10 mL of MeCN, was added 0.5 
mL (2.0 mmol) of BSA. The reaction mixture was stirred at 75°C for 1 0 min to give a dear 

25 solution. This solution was treated with 0.70 g (2.2 mmol) of 1 ,2.3,&tetra-0-acetyl-p-D- 
ribofuranose and 0.464 mL (2.4 mmol) of TMSOTf at 75''C for 30 mIn. The reaction mixture 
was cooled and diluted with EtOAc (50 mL). The EtOAc solution was washed with sat 
NaHCOs solution (50 mL x 2), sat. NaCI solution (50 mL), dried (Na^O^, and evaporated. 
The residue was chromatographed on a silica column (2.4 x 20 cm, eluted with CHCig and 

30 0.5% MeOH/CHCIg). Evaporation of fractions 21-32 (20 mL per fraction) and 
recrystallization from MeOH gave 0.438 g (47%) of the p-anomers (2,5-p-anomer and 

2.6- p-anomer) as white oystais. MP: 117-119>C. MS: (El) m/e 462.0414 (7%. 
M*=462.0397)- ""h NMR (DMSO-dg): d 8.03 [d, 0.4, 7-H (2,6-p-anomer), *JF4^=6.5 Hz], 
7.96 [d, 0.6, 4-H (2,5-p-anomer), *Jf^=7.0 Hz], 7.92 [d, 0.6, 7-H (2,5-p-anomer), ^Jf.h=9.S 

35 Hz], 7.80 [d, 0.4, 4-H (a6-p-anomer), %.h=9.5 Hz], 6.25 [d, 0.4, I'-H (2,6-p-anomer), 
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Jy^.=7.0 Hz], 6.24 [d, 0.6, 1'-H (2,5-p-anomer), J^.^,=7.0 Hz], 5.55 [t, 0.4, Z-H 
(2,6-p.anomer). Jg^.-7.0 Hz], 5.54 [t, 0.6, 2'-H (2,5-p-anomer), J2.^.=7.0 Hz], 5.45 [m, 1, 
3-H (2,5-p-anomer -«- 2,6-p-anomer)], 4.45 [m, 3, 4'-H and 5'-H ^5-p-anomer + 
2,6-p-anomer)], 2.14 ,2.1 1 , 2.02 [3 x s, 9, 3 x Ac (2,5-p-anoiner + 2,6-p-anomer)]. Anal. 
5 Calcd. for G^flti^ajFN^: C 46.67, H 3.70, N 6.05. Found: C 46.76, H 3.66, N 6.97. 

Evaporation of fractions 35-36 (20 mL per fraction) gave 0.153 g (17%) of the 
a-anomers (2,6-it-anomer and 2,e-a-anomer) as a foam. MS: (EQ m/e 462.0399 (9%, 
M*^ =462.0397). NMR (DMSO-dg): d 7.88, 7.37 [2 x two overlapping d. 2, 4-H and 7-H 
(2.5-ot-anomer + 2.6-B-anome^, ^^=9.5 Hz, ^^^=7.0 Hz], 6.70 [2 x d, 1, I'-H 

10 (2,5-a-anomer + 2,6-B-anomer), J^.^.=4.0 Hz], 5.70 [m, 1, 2'-H (2,5-«-anomer + 
2,6-o-anomer)J, 5.50 [m, 1, 3'-H (2,5-a-anomer + 2,6-«-anomer)], 4.88 [m, 1, 4-H 
(2,5-a-anomer + 2,6-a-anomer)], 4.37 [m, 1 , 5'-H (2,5-o-anomer + 2,6-a-anomer)], 4.27 [m, 
1 , 5"-H (2,5-tt-anomer -I- 2,6-a-anomer)], 2.090, 2.086, 2.043, Z028, 1 .548, 1.544 [6 x s, 
9, 3 X Ac (2,5-a-anomer + 2,6-a-anomer)]. 

15 2.5-Dtchio ro-6-fluoro.1-6-D-ribofuranosvfbenzlmidazole 6Sa {9.R\ & 
2.6-D!chloro-5-fluoro-1-B-D-ribofuranosvlbenzlmidazo!e 65a f2.6> 

A solution of 0.323 g (0.50 mmol) of the p-anomers (2,5 + 2,6) in 10 mL of 
NHg/MeOH was stin'ed in a pressure bottle at room temperature for 5 h. Volatile materials 
were removed by evaporation and coevaporatlon with MeOH (3 x, bath temperaftire < 

20 40°C). The resulting solid was recrystallized from MeOH to give 0.141 g (2 crops, 84%) 
of white crystals (65a (2,5 + 2,6)). MP: 170-172°C. MS: (El) m/e 336.0082 (14%, 
M+=336.0080). ""h NMR (DMSOdg): d 8.49 [d, 0.4, 7-H (65a-2.6), *Jp4^=7.0 Hz], 8.31 
[d, 0.6, 7-H (65a-2,5), %^=10.0 Hz], 7.91 [d. 0.6, 4-H (65a-2,5), %jt^=7.0 Hz], 7.74 [d, 
0.4. 4-H (65a-2,6), 3jp^=95Hz], 5.89 [d, 1, I'-H (65a (2,5 + 2,6)). J,.^.=7.0 Hz], 5.50 [d, 

25 1 , 2'-0H (65a (2,5 + 2,6)), Jz-ZO»=^^ 5-43 [2 X overlapping t, 1 , 5MDH (65a (2,5 -i- 
2,6)), J5.^.oH=4.5 Hz], 5.29 [d, 1 . 3'-0H (65a (2,5 + 2,6)), J3..3.oh=45 4.41 [m. 1 , 2'-H 
(65a (2,5 + 2.6))], 4.14 [m, 1, 3'-H (65a (2.5 + 2,6))], 4.02 [m, 1, 4'-H (65a (2,5 + 2,6))], 
3.70 [m, 2, 5'-H (65a (2,5 + 2,6))]. Anal. Calcd. for C^^^^Cl^Up^: C, 4Z75; H, 3.29; 
N,8.31. Found: C. 42.81; H, 3.43; N, 8.16. 

30 2.6-Dlchloro-1 -f2.3.54ri-0-acetvl-p-D-ribofuranosvnbenzim{dazole (6e\ 
Method A (6e\ 

6.24 grams (33.4 mmoies) of 35 was suspended in 150 ml of 1 ,2-dichloroethane 
while stirring. To this material at 80°C, 8.5 ini (33.4 mmoies) of BSA was added via a 
syringe to give a dear solution. To this solution were added 10.62 grams (33.4 mmoies) 
35 of 1,2,3,5-tetra-O-acetyl-p-D-ribofuranose and 7.0 ml (36.7 mmoies) of TMSOTf. The 
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reaction mixture was aliowed to stir at Btyc for ne hr. EtOAc (1 00 ml) was added to the 
reaction mixture. The EtOAc solution was extracted with saturated Nal-ICOg solution (300 
ml X 2), saturated NaCI solution (50 mi)» dried {Ka2^0^, and evaporated in vacuo. The 
resulting yellowish-brown syrup was dissolved in a minimum volume of chloroform and 
5 transferred to a silica column (30 x 3 cm). The column was eluted with CHCI3 while 
ultimately increasing solvent polarity to 1% MeOH/Ci-ICl3. The first spot eluted from the 
column was collected and evaporated in vacuo to reveal an oily yellow residue. The syrup 
was coevaporated with EtOH (25 mi x 2) to reveal a white precipitate. Recrystaliization 
from MeOH afforded 4.47 grams (30.0%) of a mixture of the 2,&<lichloro and 2,6-dichloro 

10 isomers as colorless crystals. Fractional recrystaliization yielded 2.B15 grams (19%) of 
colorless crystalline 66. MP 154-1 5?C. MS (El) m/e 444.0492 (6%, M+«444.0491). ""h 
NMR (DMSO-de)- d 7.89 (d. 1 , 7-H. J7^=2.0 Hz), 7.68 (d, 1 . 4-H. J4^=8.5 Hz), 7.37 (dd, 
1, 5-H). 6.25 (d. 1, r-H, Ji.^.=7.0 Hz), 5.57 (t, 1, 2'-H, J2.^.=7.0 Hz), 5.44 (dd. 1, 3'-H. 
J3.^.=4.5 Hz). 4.47, 4.39 (2 X m, 3. 4'-H and 5'-H), 2.15, 2,14. ZOZ (3 x S, 9, 3 X Ac). ^^C 

15 NMR (DMSOd^: d 169.94, 169.48,169.15 (3 x OCOCH3). 140.06 (C3a and C2), 133.48 
(C7a), 128.34 (C6). 123.78 (CS). 120.52 (C4), 111.71 (C7), 86.65 (CV), 79.40 (C4'), 70.35 
(C2'), 68.64 (C3'), 62.58 {C5% 20.55, 20.26, 19.97 (3 X OCOCH3). 
Method P (66) 

^ To a stirred mixture of 0.41 9 g (3.1 1 6 mmole) of CuC^ and 0.371 mL (2.807 mmole) 
20 ' of 90% t-BuONO in 5 mL of CH3CN, was added dropwise a solution of 0.633 g (1.487 
mmole) of 2-amino-6-chloro-1-(p-D-rit>ofuranosyl)benzimidazole in 3 mL of CH3CN. After 
the addition, stirring was continued at room temperature for 2 hr. The reaction mixture was 
diluted with 60 mL of EtOAc. The EtOAc solution was washed with H2O (50 mL), sat. 
NaHG03 solution (50 mL x 2), sat. NaCi solution (50 ml^, dried (Na2S04), and evaporated. 
25 The residue was chromatographed on a silica column (1.9 x 35 cm, eluted with CHCI3). 
Evaporation of the appropriate fractions and recrystaliization from MeOH gave 0.380 g 
(57%) of 66 as a white crystalline compound. MP 155-1 STC. MS (El) m/e 444.0487 
{7%,M+«444.0491). ""h NMR (DMSO^g): d 7.89 (d. 1. 7.H, J7^=Z0 Hz), 7.68 (d. 1, 4-H, 
J4^=8,5 Hz), 7.37 (dd. 1. 5-H), 6.25 (d, 1. I'-H, Jy^^T.O Hz), 5.57 (t, 1, 2'-H, J2.^,=7.0 
30 Hz), 5.45 (dd. 1 , 3'-H. Hz), 4.47, 4.39 (2 X m. 3. 4'-H and 5'-H). 2.15, 2,14, 2.02 

(3 X s, 9, 3 X Ac). ""^H NMR (DMSO-dg) d 169.91 . 169.46, 169.12 (3 x OCOCH3), 140.06, 
140.02 (C3a and 02), 133.49 (C7a), 128.34 (06), 123.78 (05), 120.51 (04), 111.69 (07), 
86.65 (CV), 79.39 (04'). 70.35 (02% 68,64 (03'). 62.56 (05'), 20.54, 20.25, 19.96 (3 x 
OCOCH3). 
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2.6-Dichloro>l-fB-D.ribofuranosvnbenzimldazolQre7^ 

2,6-DI(*loro-1-(2,3>triO-a(»tyl-p-[>flbofuranosyl)ben2lmida2ole (66) (1.8 grams) 
was dissolved in methanoiic ammonia (35 ml). The reaction material was etinred in a 
pressure bottle for 5 hours at room temperature. Volatile materials were evaporated in 
5 vacuo to provide a white powdery precipitate. This residue was recrystaliized from MeOH 
to yield 561 mg (2 crops, 85%) of 67 as colorless needles. MP 162-163°C NMR 
(DMSOKle): d 8.30 (d. 1 . 7-H. J7^=2.0 Hz), 7.64 (d, 1 , A-H, J4^=8.5 Hz), 7.31 (dd, 1 . 5-H), 
5.89 (d. 1. 1'-H, J,..2.=8.0 Hz), 5.49 (d, 1. 2'-0H, J^.-z'^^ 5 Hz), 5.35 (t. 1, S'-OH, 
J5'^-OH=5.0 Hz), 5.28 (d, 1 , 3'.0H, J3.^.oh=4.5 Hz), 4.46 (m, 1 , 2'-H, J2.^.=5.^ Hz). 4.14 
10 (m, 1 , 3'-H, Jy^.=ZO Hz). 4.00 (m, 1 , 4'-H, J4.^.=J4.^=3.0 Hz), 3.70 (m, 2, 5'-H and 5"-H, 
J5.^.=1Z0 Hz), NMR (DMSO-dg) d 140.72 (C2), 140.17 (C3a), 133.56 (C7a), 127.86 
(C6), 123.23 (C5), 128.34 (C6), 120.03 (C4), 113.15 (C7), 89.00 (CI"). 86.26 {04"), 71.37 
(C2'), 69.72 (C3'), 61.12 (C5'). 

2.5-Dichloro-1 -f2.3.5-tri-0-aeetvl-fl-D-rlbofuranosvnbBnzimida2olB f72^ 

15 To a stirred mixture of 0.292 g (2.1 72 mmole) of CuClg and 0.259 mL (1 .960 mmole) 

of 90% t-BuONO in 4 mL of CH3CN, was added dropwise a solution of 0.463 g (1.087 
mmole) of 2-amino-5<hloro-1-(p-D-ribofuranosyl)benzimidazole in 2 mL of CH3CN. After 
the addition, stining was continued at room temperature for 2 hr. The reaction mixture was 
diluted with 50 mL of EtOAc. The EtOAc solution was washed with H2O (50 mL), sat. 

20 NaHCOg solution (50 mL x 2), sat. NaCI solution (50 mL), dried {i4a^0^, and evaporated. 
The residue was chromatographed on a silica column (2x15 cm, eluted with CHCI3). 
Evaporation of the appropriate fractions and recfystalllzaHon from MeOH gave 0.265 g 
(55%) of 72 as a white crystalline compound. MP 93-1 00"C. MS (El) m/e 444.0487 (8%, 
M+=444.0491). ^H NMR (DMSG-dg): d 7.81 (d, 1, 7-H, Jj^^9.0 Hz), 7.77 (d, 1. 4-H. 

25 J4^=2.0 Hz), 7.42 (dd. 1 . 6-H), a25 (d, 1 , 1 '-H, Ji.^=7.0 Hz), 5.57 (t. 1 , 2'-H, 02-^=7.0 
Hz), 5.42 (dd, 1, 3'-H. J3.^.=5-0 Hz). 4.43 (m. 3. 4'-H and 5'-H), 2.13. 2.11 , Z02 (3 x s, 9. 
3 x Ac), "h NMR (DMSO-dg): d 170.01. 169.52, 169.20 (3 x OCOCH3). ^^2.17 (C3a). 
140.66 (C2). 131 .73 (C7a), 127.94 (C5). 123.91 (C6), 1 18.80 (04). 11 3.19 (C7), 86.88 (CI '), 
79.26 (G4^ 70.46 (02'), 68.73 (C30, 62.65 (C5'), 20.52, 20.29. 20.01 (3 x OCOCH3). 

30 2.5-Dichloro-1 -I B-13-ribofuranosv»benzimidazole f73) 

A solution of 0.226 g (0.508 mmole) of 72 in 1 0 mL of NHg/MeOH was stirred in a 
pressure bottle at room temperature for 5 hr. The reaction mixture was evaporated and 
coevaporated with MeOH (3 x) to give a solid. This solid was recrystaliized from MeOH 
to give 0.136 g (76%, based on C^^^2^\2H20^ MeOH) of 73 as white crystals. MP 

35 102-150"C (melted over a large range of temperature). MS (CI) m/e 319.0242 (37%, 
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MH+=31 9.0252). NMR (DMSO-dg): d 8.06 (d. 1, 7-H, J7^=9.0 Hz), 7.73 (d, 1, 4-H. 
J4^=a0 Hz), 7.30 (dd. 1, 6-H), 5.89 (d, 1. 1'-H, Ji^=8.0 Hz), 5.51 (d, 1, 2'-0H, 
J2-2'OH=6-5 Hz), 5.29 (d, 1 . 3'-OH J3-3.oh=4-5 Hz),556 (t. 1. 5'-OH. J5.^oH=5^J Hz), 4.45 
(m, 1 , 2'-H, J2.^.=5.5 Hz), 4.12 (m, 1 , 3'-H, J3.^.«=2.0 Hz), 3.99 (m, 1 , 4'-H, J4.^=J4.^=3.5 
5 Hz), 3.69 (m, 2, 5'4H and 5''-H, J5.^.=12.0 Hz). NMR (DMSOdg) «• ^ ^2.36 {C3a), 141 .40 
(C2), 131.88 (C7a). 127.49 (C5). 123.32 (C6), 118.40 (C4). 114.51 (C7), 89.07 (CV), 86.23 
(04*), 71.49 (C2'), 69.75(03"), 61.23 (C5'). 

2-Chloro-5-nltro-1-^2.3.5-tri-0-acetvl-B-D-ribofuranosvnbenzimlda20le f74^ and 
2-Chloro-6-nitro-1-(2.3.5-tri-0-acetvl-B-D-riboftjranosvnbenzim!dazole (75) 

10 To a suspension of 3.952 g (20 mmole) of19in100mLof1 ,2-dichloro0thane,was 

added 5 mL (20 mmole) of BSA. The reaction mixture was stirred at 75"C for 15 min to 
give a clear solution. This solution was cooled to ~20°C and treated with 7.0 g (22 mmole) 
of 1,2,3,5-telra-O-acetyl-b-ID-ribofuranose and 4.638 mL (24 mmole) of TMSOTf at room 
temperature for 2 h. The reaction mixture was diluted with 200 mL of CHCIg. TheCHCig 

1 5 solution was washed with saL NaHCOg solution (200 mL x 20, sat NaCI solution (200 mL), 
dried (Na2S04), and evaporated. The residue was chromatographed on a silica column 
(5 X 35 cm, eluted with CHCI3 and 0.5% MeOH/CHCIg). Evaporation of the appropriate 
fractions gave 6.50 g (71 %. one spot on TLC) of 74 and 75 as a white foam. Fractional 
recrystallizatlon of this foam (5 times from MeOH) give 1 JS9 g (17%) of the pure 6-nitro 

20 isomer 75. IVIP 127-129"C. MS (El) m/e 455.0750 (2%. M+= 455.0732). ^H NMR 
(DMSO-dg): d 8.68 (d, 1 , 7-H, J7^=2.0 Hz>, 8.21 (dd. 1 , 5-H, J5^=9.0 Hz). 7.88 (d. 1 , 4.H). 
6.41 (d, 1, r-H, J^..2.=7.0 Hz), 5.58 (t, 1, 2'-H, J2.^.=7.0 Hz). 5.45 (dd, 1, 3'-H, J3.^.=4.0 
Hz), 4.50, 4.40 (2 x m, 3, 4'-H and 5'-H). 2.15, Z12, 2.03 (3 x s,9, 3 x Ac). ""^C NMR 
(DMSO-dg): d 170.12, 169.49, 169.25 (3x OCOCH3), 145.60 (C3a), 143.96 (C2), 143.65 

25 (C6), 132.46 (G7a), 119.65 (C4). 118.92 (C5), 108.47 (C7). 86.96 (CI"), 79.67 (C4'). 71.12 
(C2'), 68.75 (03"), 62.56 (C5'), 20.39, 20.31 , 20.03 (3 x OCOCH3). 

5- Amino-2-ehloro-1-f2.3.S-tri-0-acetvl-B-D-ribofuranosvn-benzlmldazole Cr6) and 

6- Amino-2-chloro-1 -r2.3.5-tri-0-acetvl-B-D-ribofuranosvnbenzimidazole (77) 

A sample of the foam containing 74 and 75 (3.96 g, 8.688 mmole, one spot on 
30 TLC) was dissolved in 90 mL of EtOH and was hydrogenated at room temperature, 50 psi 

for 1 day using ~0.30 g of Raney Nickel as catalyst (the reaction was monitored by TLC). 

The reaction mixture was then filtered and the filtrate was evaporated. The residue was 

chromatographed on a silica column (5 x 45 cm, eluted with 0.5% MeOH/CHCIg). 

Evaporation of the appropriate fractions gave 1 .54 g (42%) of 77 as a white foam. MS (El) 
35 m/e 425.0987 (14%, =425.0990). ^H NMR pMSO-dg): d 7.29 (d. 1 , 4-H, J4^=8.5 Hz), 
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6.75 (d, 1, T-H, J7^=1.5 Hz), 6.61 (dd, 1. 5-H), 6.09 (d, 1, 1'-H. Ji.^=6.5 Hz). 5.57 (t, 1. 
2'-H, J2.^.=7-5 Hz). 5.37 (dd, 1, 3'-H. J3.^.=5.5 Hz), 5.19 (s. Z S-NHg). 4^ (dd. 1, 5*-H. 
J5.^.=2.5 Hz, J5.^=11.0 Hz). 4.40 (m. 1, 4'-H), 4.36 (dd. 1. 5"-H. Je.^.=6.0 Hz), Z13. 2.09. 
Z04 (3 X s, 9, 3 X Ac). NMR (DMSO-dg): d 170.10. 169.45, 169.19 (3 x OCOCH3). 
5 1 46.03 (Ce), 134.83 (C2). 134.06 (C7a). 132.92 (C53a). 1 19.35 (C4), 1 12.17 (C5), 94.72 (C7), 
86.67 (Cr), 78.46 (C4'), 69.75 (02^, 68.58 (C3'). 62.51 (05"), 20.50, 20.21, 19.99 (3 x 
OCOCH3). 

Further elution and evaporation of the appropriate tractions gave 1.86 g (50%) of 
76 as a white foam. MS (EQ m/e 425.0976 (9%, M+ =425.0990). ^H NMR pMSO-dg): d 

1 0 7.40 (d. 1 , 7-H, J7^=8.5 Hz), 6.76 (d, 1 . 4-H. J4^=2.0 Hz). 6.66 (dd. 1 , 6-H), 6.1 0 (d. 1 . 
1 '-H, Ji.^.=6.5 Hz), 5.56 (t. 1 , 2'-H, J2.^.=7.0 Hz). 5.39 (dd, 1. 3'-H. Jg.^.=5;0 Hz). 5.10 (br. 
s. 2. 5-NH2). 4.40 (m, 3. 4'-H and 5'-H). 2.13. Z10. 2.02 (3 x S, 9, 3 x Ac). ^^C NMR 
(DMSO-de): d 169.91. 169.52, 169.11 (3x OCOCH3). 1^5.31 (05). 142.74 (C3a). 137.80 
(C2), 124.66 (C7a). 112.60 (C6), 111.62 (C7), 102.23 (C4), 86.57 (CI"). 78.89 (C4'), 70.05 

1 5 {CZ'), 68.78 {C3% 6Z69 (C6'), 20.45, 20.26. 19.98 (3 x OCOCH3). 

5- Amino-2-chloro-1 -(B-D-rlbofuranosvl\benzimida2ole f78V 

A solution of 0.363 g (0.852 mmole) of 76 in 10 mL of NHg/MeOH was stin-ed in a 
pressure bottle at room temperature for 5 hr. The reaction mixture was evaporated and 
coevaporated with MeOH (3 x, bath temperature < 40^). TTie residue was recrystallized 

20 from MeOH/EtgO to give 0.203 g (2 crops, 79%) of 78 as beige crystals. MP ~154"C 
(dec). MS (El) mfe 299.0675 (10%. M+=299.0673). ^H NMR (DMSOKJg): d 7.56 (d, 1. 
7-H. J7^=8.5 Hz), 6.73 (d, 1, 4-H. J4^=2.0 Hz). 6.57 (dd. 1. 6-H), 5.77 (d. 1, 1'-H, J,.^.=7 
5 Hz). 5.39 (d. 1, 2'-OH. J2.^.oh=6.5 Hz), 5.18 (d. 1, ff-OH, J3.^.oh=4.5 Hz). 5.11 (t. 1, 
S'-OH, Js,^oH=5 0 Hz). 4.90 (s, 2, S^Hg). 4.44 (m. 1 , 2'-H. J2.^.=6.0 Hz), 4.09 (m. 1 , 3'-H, 

25 J3.^.=2.5 Hz), 3.91 (m, 1 . 4'-H, J4.^.=3.5 Hz), 3.65 (T, 2, 5'-H). ^^C NMR (DMSO-dfi): d 
144.82 (C5), 14277 (C3a), 138.25 (C2), 125.13 (C7a). 112.67 (C7). 112.22 (C6), 101.83 
(C4). 88.81 (CI ■), 85.48 (04*), 70.89 (C2'), 69.61 (C3'), 61 .31 (05-). 

6- Amino-2-chloro-1 -( B-D-ribofuranosvl)benz}midazole f79^ 

A solution of 0.283 g (0.665 mmole) of 77 in 1 0 mL of NHg/MeOH was stirred In a 
30 pressure bottle at room temperature for 5 hr. The reaction mixture was evaporated and 
coevaporated with MeOH (3 x. bath temperature < 40'G). The residue was reaystallized 
from MeOH to give 0.1 70 g (2 crops, 85%) of 79 as beige crystals. MP ~ 1 70"C (dec). MS 
(El) m/e 299.0862 (1 6%, =299.0673). ^H NMR (DMSO^Ie): d 725 (d, 1 , 4-H. J4^=8.5 
Hz). 6.87 (d, 1 , 7-H. J7^=2.0 Hz), 6.57 (dd, 1 . 5-H), 5.76 (d. 1 . 1 '-H. Jy^=7 5 Hz). 5.43 (d. 
35 1, 2'-0H, J2.^.oH=6-5 Hz), 5.18 (d. 1. 3'-0H. J3.^.oh=5.0 Hz). 5.04 (s, 2. 6-NH2), 5.03 (t. 
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1 , 5'-0H, Jg^^'OH^S-S Hz), 4.48 (m, 1 . 2*-H, J2.^,=&0 Hz), 4.07 (m. 1 , 3'-H, J3.^.=3.0 Hz), 
3.90 (m, 1. 4'-H, J4.^.=4.0 Hz, J4.^.=5.0 Hz), 3.66 (m, 2, 5'-H and 5"-H, J5._5.ol 2.0 Hz). 
^^C NMR (DMSCWg): d 1 45.34 (C6), 1 35.63 (C2), 1 34.34 (C7a), 1 33.1 8 (C3a), 1 1 8.83 (C4). 
111.71 (C5), 95.79 {C7), 88.79 (Cr), 85.24 (C4% 70,17 (C2'). 69.70 (030, 61.55 (C5'). 
5 4.6-Dichloro-2-trlfluoromefthvM -f2.3,54rl-0-acetvM -B-D-ribofuranosyftbenzimldazole f81 a) 
A mixture of 4,6<lichloro-2-trifluoromethylbenzimidazole (28a, 0.99 g. 3.4 mmole) 
and 1 ,2,3,5-tetra-O-acetyl-p-D-ribofuranose (1.71 g, 5.36 mmole) was heated at 170^0 for 
1.5 hr under reduced pressure. The resulting mixture was dissolved in 20 mL of CHCI3 
and was chromatographed on a SiO^ column, (2 x 20 cm). Elution of the column with 
1 0 hexane:EtOAc (80:20, v/v) and evaporation of appropriate fraction gave 0.67 gm (34%) of 
81a: m,p. 116-120^0; ^H NMR (Di^SO-^: d 8.00 (d, 1H, J = 1.6 Hz, 7H), 7.74 (d, 1H. 
J = 1 .5 Hz. 5H), 6.1 5 (d, 1 H, J|..2* = Hz, I'H), 5.53 (t. IH, Jg.^. = 6.7 Hz, 2'H ), 5.49-5.45 
(m, 1H, 3'H), 4.56^.53 (m, 2H, 4'H and 5'H), 4.37-4.33 (m, 2H, 5"H), Z15, Z12, 1,92 (3s, 
9H,3xAc). 

15 4.6-DichlorO'2-trrfluoromethvM B-D-ribofuranosv»benzimidazole (81 

A mixture of 81a (0.57 g, 1 .1 mmole) and MeOH-NH3 (20 mL) were stirred at room 
temperature for 1 0 hr. The excess of MeOH and NH3, was removed under reduced 
pressure. The product thus obtained was chromatographed over Si02 column (2 x1 4 cm) 
(23O-400 mesh). Elution of the column with CHCIgtMeOH (98:2, vA^) the product which 

20 was crystallized from the mixture of MeOH-H20 to give 0.268 g (62.4%) of 81b: m.p. 
162^C; ^H NMR (DMSO^dg): d 8.59 (d, 1H, J = 1.7 Hz, 7H), 7.68 (d, 1 H, J = 1 .7 Hz, 5H), 
5.82 (d, 1 H, J|.2' = "^-^ ^ '^^)' 5.50-5.47 (m. 2H, exchanges with DgO, 2'OH and 5'OH), 
5.29 (d. 1H. exchanges with DgO), 4.41 (q, 1H. Jg.^. = 6.06 Hz, 2'H ), 4.16 {bs, 1H. 3'H), 
4.04 (bs, 1H, 4'H), 3.75 (m, 2H, S'H and 5-H). Ana}. Calcd. for (Ci3H^^N204F3Cl2): C, 

25 40,33; H, 2.86; N, 7.23; Found: C. 40.02; H, 2.66; N, 6.74, 

2.4-Dlchloro-1-f2.3.54ri043enzvl-B-D-ribofuranosvn-6-trtfluoromethvlbenzlmidazole and 
2.4-Dlchloro-1-f2.3.5-tri-0-benzvl-«-E)-ribofuranosvR-64rffluoromethvlbenzimi^ 

For the preparation of 1-0-chloro-2,3,5-tri-0-benzyl-D-ribofuranose, HCI gas was 
allowed to pass through a solution of 1-0-p-nitrobenzoyl-2,3,5-tri-0-benzyi-p-D- 

30 ribofuranose (0.774 g, 1 .36 mmol) in 5 mL of dry CHgClg at O^C for 1 5 min. The resulting 
suspension was quickly filtered and the filtrate was evaporated. The residue was 
coevaporated with MeCN and then dissolved in 5 mL of dry MeCN for immediate use in 
the subsequent glycosylation reaction. 

To a mixture of 0.289 g (1 .133 mmol) of 41c In 5 mL of MeCN, was added 0.283 

35 mL (1.133 mmol) of BSA. The reaction mixture was stirred at 80^0 for 25 min. This 
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solution was reacted with the above MeCN solution of the carbohydrate and 0^ mL 
(1 .473 mmoO of TMSOTf at 80°C for 30 min. The reaction mbdur was cooled and diluted 
with EtOAc (60 mL). The EtOAe solution was washed with sat NaHC03 solution (50 mL 
X 2), sat. NaCi solution (50 mL), dried {Ha^O^^, and evaporated. The residue was 
5 chromatographed on a silica column (1.9 x 35 cm, eluted with 10%, 15%, 20% 
EtOAc/hexane). Evaporation of fractions 20-26 (20 mL per fraction) gave 0.31 g (42%) of 
the p-anomer as a syrup. MS: (CI) m/e 657.1561 (1%, MH"*" =657.1 53^. NMR 
(DMSOdg): d 8.05 (s, 1 , 7-H), 7.69 (s, 1 , 5-H). 7.35. 6.95 (2 X m, 1 5, 3 x Ph), 6.08 (d. 1 , 
1 Jy^=B.Q Hz), 4.73 ~ 4.24 (m, 9, 2'-H, 3'-H, 4'-H, and 3 x PhCHg), a75 (dd. 1. 5'-H. 

10 J4.^.=2.0 Hz, J5.^.=1 1 .0 Hz), 3.58 (dd, 1 , 5"-H, J4.^.=3.0 Hz). 

Evaporation of fractions 34-41 (20 mL per fraction) gave 0.262 g (35%) of the 
a-anomer as a syrup. MS: (CI) m/e 657.1517 (1%, MH+ =657.1 535). ^H NMH (DMSO-dg): 
d 7.94 (s. 1. 7-H). 7.66 (s, 1, 54fl, 7.30, 7.08, 6.72 (3 x ra, 15, 3 x Ph), 6.51 (d. 1. I'-H. 
Jl.^.=4.5 Hz), 4.69 ~ 4.07 (m, 9. 2'-H, 3'-H, 4'-H. and 3 X PhQIij). 3.73 (dd, 1. 5'-H. 

1 5 J4.^.=2.5 Hz, J5.^.=1 1 .0 Hz), 3.62 (dd, 1 , S"-H, J^,^^3 Hz). 

2.4-Dichloro-1-rB-D-ribofu ranosvft-64rifluoromethvlben2im!da2oie (Mo) 

To a solution of 0.29 g (0.441 mmol) of the p-anomer (see previous prep.) in 6 mL 
of CH2CI2, was added dropwise 4.41 mL of 1 M BCI3 at -78^. The reaction mixture was 
stirred at -78^ for 2 hr and then at -40^0 for 2 hr MeOH (3 mL) was added and stirring 

20 was continued at -40^ for 1 0 mIn. The reaction mixture was diluted wrtth EtOAc (50 mL). 
The EtOAc solution was washed with HgO (50 mL), saL NaHCOg solution (50 mL), saL 
NaCI solution (50 mL), dried (NSgSO^), and evaporated. TTie residue was suspended in 
a small amount of CHCI3 and then filtered. The solid product was washed with portions 
of CHCI3 and dried in vaaio to give 0.146 g (86%) of 81c as a white soBd. MS: (El) m/e 

25 386.0038 (1 4%, M+ =386.0048). ^H NMR (DMSO-dy: d 8.75 (s, 1 , 7-H), 7.76 (s, 1 . 5-H), 
5.97 (d, 1, 1'-H, J^.^=8.0 Hz). 5.55 (d. 1, 2'-0H, J2'^oH=6.0 Hz), 5.43 (t, 1, S-'OH, 
J5'-5'OH='*-5 Hz), 5.35 (d, 1, 3'-0H, J3.^.oh=4.5 Hz), 4.43 (m, 1, 2'-H, J2.^=5.5 Hz). 4.15 
(m, 1 , 3'-H, J3.^.=1 .5 Hz), 4.06 (m, 1 , 4'-H, J4..5.=J4.^=2.5 Hz). 3.69 (m, 2, 5'-H and 6"-H). 
2-Chloro-4.5-dibromo-l-f2.3.5-tri- 0-acetvl-B-D-ribofuranosvl^benzlmldazole f84) and 

30 2-Chloro-5-b romo-1-r2.3.5-tri-0-acQtvl-B-D-ribohjranosvHbenzlmlda2ol9 fflS) 

To a stirred mixture of 1 .228 g (5.498 mmole) of CuBrg and 0.654 mL (4.949 mmole) 
of 90% t-BuONO in to mL of CH3CN, was added dropwise a solution of 1 .170 g (2.748 
mmole) of 78 in 3 mL of CH3CN. After the addition, stirring was continued at room 
temperature for 2 hr. The reaction mixture was diluted with 100 mL of EtOAc. The EtOAc 

35 solution was washed with HgO (100 mL), sat. NaHC03 solution (100 mL x 2), sat. NaCI 
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solution (100 ml^, dried {Na^O^, and evap rated. The residue was diromatographed 
on a silica column (4.1 x 30 cm. luted witli CHCI3). Evap ration of fractions 59-78 (20 mL 
per fraction) and recrystaliization from MeOiH gave 0.600 g (38%) of 84 as a wtiite solid. 
MP202-203°C. MS (EO m/e 565.9109 (4%,M+=565.9091). ''H NMR (DMSCWg): d 7.74 
5 (2 X d, 2, 6-H and 7-H. J^j^BJS Hz). 6.26 (d, 1. 1'-H. J|.^*e.5 H2). 5.53 (t. 1. 2'-H, 
J2.^.=7.0 Hz), 5.42 (dd, 1, 3*-H, J3.^.=4.5 Hz), 4.42 (m, 3, 4'-H and 5'-H), Z14, 2.11, 2.01 
(3xs.9,3xAc). ^^C NI^R (DMSO-dg): d 169.92, 169.42. 169.14 (3 xOCOCHg), 141.66 
(C3a), 140.91 (C2). 132.12 (C7a), 128.03 (C6), 1 18.58 (C5), 1 14.56 (C4), 112.60 (C7), 87.12 
(CI •), 79.41 (04"), 70.60 (C2'), 68.66 (C3'), 62.55 {Cff), 20.47, 20.22, 1 9.94 (3 x OCOCH3). 

10 Evaporation of fractions 89-125 (20 mL per fraction) and reciystaliization from 

MeOH gave 0.405 g (30%) of 86 as a whiite crystals. MP 129-130*^. MS (EO m/e 
487.9973 (5%, M+ =487.9986). ""h NMR pMSO-dg) d 7.91 (d. 1, 4-H, J4^=2.0 Hz), 7.76 
(d. 1, 7-H, J7^=8.5 Hz), 7.53 (dd, 1. 6-H), 6.25 (d, 1, 1'-H, J,.^.=6-5 Hz), 5.56 (t, 1, 2'-H, 
J2.^.=7.0 Hz). 5.42 (dd, 1, 3'-H, J3.^.=5.0 Hz), 4.43 (m, 3, 4'-H and 5'-H), 2.14. 2.11. 2.02 

15 (3xs,9.3xAc). ^^C NMR (Oiy^SOdg): d 170.01, 169.52, 169.19 (3 x OCOCH3), 142.61 
(C3a). 140.50 (C2), 132.05 (C7a). 126.51 (C6). 121.73 (C4), 1 15.71 (C5), 113.58 (C7), 86.87 
(C1 '), 7926 (040, 70.44 (02*). 68.73 (C37, 62.64 (05*), 20.53, 20.29. 20.01 (3 X OCO^Hg). 
5-Bromo-2-ch>ioro-1 -f B-D-ribofuranosvnbenzimidazole (BT) 

A solution of 0.304 g (0.621 mmole) of 86 in 10 mL of NIH^/MeOH was stln-ed in a 

20 pressure bottle at room temperature for 5 h. Ttie reaction mixture was evaporated and 
coevaporated witii MeOH (3x, batli temperature < 40°C). Ttie residue was recrystaliized 
from MeOH to give 0.192 g (85%) of 87 as whHe crystals. MP 154-155°C. MS (CI) m/e 
362.9735 (40%, MH'^s36Zg747). ^H NMR (DMSOkJ^): d 8.01 (d. 1, 7-H, J7^=8.5 Hz). 
7.87 (d, 1, 4-H, J4^=2.0 Hz), 7.41 (dd, 1, 6-H). 5.89 (d, 1. 1'-H. J|.^=8.0 Hz), 5.51 (d, 1. 

25 2'-0H. J2'^oH=6^ *^)' 5-28 (d, 1 . 3'-0H, Ja.^oH"^ 5 Hz). 5.25 (t, 1 . 5'-0H. Jg-^-oH'S-O 
Hz), 4.44 (m, 1, 2'-H. J2.^.=5.5 Hz). 4.13 (m, 1, 3'-H. J3.^.=2.5 Hz), 3.98 (m, 1, 4'-H. 
J^.^,=J4.^.«=3.5 Hz), 3.68 (m. 2, 5*-H and 6"-H, 05.^.-1 2.0 Hz). ^®C NMR (DMSO-dg): d 
142.81 (C3a), 141.23 (C2), 132.20 (C7a), 125.92 (C6), 121.32 (C4). 115.27 (C5), 114.89 
(07), 89.08 (01 0. 8651 (04*), 71.47 (02*), 69.73 (03"). 61.22 (05'). 

30 2-Chloro-6.7-dibromo-l-(2.3.5-trl-0-acetvl-B-D-ribofuranosyn-benzlmidazofe (6B) and 
2-Chloro-6-bromo-1 -(2.3.5-tri-0-acetvl-p-D-ribofuranosvl)benzlmldazo!e (B9) 

To a stirred mixture of 0.564 g (2.525 mmole) of OuBrj and 0.300 mL (2.270 mmole) 
of 90% t-BuONO in 5 mL of OH3ON, was added dropwise a solution of 0.538 g (1.263 
mmole) of 77 In 3 mL of CH3ON. After the addition, stining was continued at room 

35 temperature for 2 hr. The r action mixture was diluted with 60 mL of EtOAc. The EtOAc 
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soliition was washed with HjO (50 mL), sat NaHCOg solution (50 mL x 2), sat NaCI 
solution (50 mL), dried (NagSOJ, and evaporated. The residue was chromatographed on 
a silica column (1 .9 x 45 cm. luted with CHCI3). Evaporation of fractions 1 1-^ (20 mL 
per fraction) and recrystallization from MeOH twice gave 0.198 g of 89 as white crystals. 
5 Evaporation of fractions 23-26 and recrystallization from MeOH gave 0.01 5 g of 88. The 
mother liquors were evaporated and the residue was rechromatographed on a silica 
column (1.9 X 45 cm, eluted with CHCI3). Evaporation of fractions 24-34 and 
recrystallization from MeOI-i twice gave an additional 0.072 g of 89 as white crystals. 
Fractions 37-56 were evaporated and the reddue was repurlfied by repeating the column 

1 0 chromatography. Evaporation of the appropriatefractlons and recrystallization from lUleOH 
gave an additional 0.070 g of 88 as white crystals. The total yield of 88 was 0.085 g 
(12%). MP 121-122»C. MS (El) m/e 565.9092 (1%. M+=565.9091). V NMR pMSO-dg): 
d 7.74 (d, 1, 5-H. J5^=8.5 Hz), 7.65 (d. 1. 44^), 7.25 (^r. s", 1. I'-H), 5.80 (dd. 1, 2'-H. 
Jgvv-S-O Hz, J2.^.=7.5 Hz), 5.44 (t, 1 ,3'-H, J3.^.=7.5 Hz), 4.46 (dd. 1, 5'-H, J5.^.=3.0 Hz, 

15 J5.^=12.0 Hz), 4.39 (m, 1 . 4'-H), 4.29 (dd, 1 , 5"-H, Jg.^.=6.0 Hz), Z13, 2.08, 2.05 (3 x s, 
9, 3xAc). NMR (DMSO-dg): d 169.97. 169.45, 169.33 (3xO£OCH3), 141.61 (C33a), 
141.09 (C2). 133.28 (C7a). 128.37 (C5), 121.92 {C6), 120.07 (C4), 105.20 (C7), 86.58 (CI"). 
78.06 (04*), 71.34 (C2'). 68.24 {C3% 62.08 (C50, 20.43, 20.08, 20.01 (3x OCOCHg). The 
total yield of 89 was 0.270 g (44%). MP 169-170^0. MS (□) m/e 487.9973 (9%. 

20 M+=487.9986). ^H NMR (DMSO-dg): d aoi (d. 1. 7-H. J7^=1.5 Hz), 7.63 (d, 1, 4-H, 
J4^=8.5 Hz), 7.49 (m, 1 , 5-H), 6.25 (d, 1 , V-H, Jy^.=7.0 Hz), 5.57 (t, 1. 2'-H. J2.^.=7.0 Hz), 
5.44 (dd, 1, 3'-H, Jy^.=4.5 Hz), 4.47. 4.39 (2 X m, 3, 4'-H and 5'-H). 2.16, Z^4, 2.02 (3 x 
s, 9. 3xAc). NMR (DMSCkle): cl 169.99, 169.52. 169.19 (3 x OeOCHg), 140.38 
(C3a), 139.98 (C2), 133.97 (C7a), 126.52 (C5), 120.91 (C4), 116.33 (C6), 114.50 (C7). 86.61 

25 (CI •), 79.43 (C4'). 70.39 (02^, 68.66 (C3'), 62.61 (05-), 20.71 , 20.31 . 20.02 (3 X OCOCH3). 
6-Bromo-2-chloro-1-(B-l3-ribofurano3vnbenzimidazole f90) 

A solution of 0.176 g (0.359 mmole) of 89 in 10 mL of NHg/MeOH was stirred in a 
pressure bottle at room temperature for 5 hr. The reaction mixture was evaporated and 
coevaporated with MeOH (3 x, bath temperature < 40*0). The resulting solid was 

30 recrystailized from MeOH to give 0.097 g (2 crops, 74%) of 90 as white crystals. MP 
152-153»C. MS (El) m/e 361.9685 (10%, M+=361.9669). ^H NMR (DMSO-dg): d8.43 (d, 
1, 7-H. J7^=2.0 Hz), 7.59 (d, 1, 4-H. J4^=8.5 Hz), 7.43 (dd, 1, 5-H), 5.88 (d. 1, V-H, 
Jv.2.=8.0 Hz), 5.49 (d. 1. 2'-0H, J2..2.0H=6.5 Hz), 5.34 (t, 1, 5'-0H, J5.^.oh=4.5 Hz), 5.27 
(d, 1, 3'-0H, J3.^.oH=4.5 Hz), 4.45 (m. 1, 2*-H, J2.^.=5.5 Hz), 4.14, (m, 1, 3'-H, J3.^.=2.0 

35 Hz). 4.00 (m, 1 . 4'-H, J4.^.= J4.^.=3.5 Hz). 3,70 (m. 2. 5'-H and 5".H, Jg.^'^l 2.0 Hz). ''^0 
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NMR (DMSO^g)- ^ ""^O-^O (^)' "^^-^^ ^^'^ ^^^'^^ ^^'^ 

116.01 (C7), 115.87 (C6), 88.99 (CV). 86.32 (C40, 71.40 {02% 69.79 (03*), 61.15 (C5'). 

l-f2.3.5-Trl-0-ben2vl-B-D-ribQfuranosvft-2.4. 5.e-tetraehlorobenzim!dazole (91a) aijd 

i.fga5Trl-Q.benzvl-«-D-ribofuranQsvlW2.4.S.6-tetrachlorobenzimidazole 
5 For the preparation of 1-0-chloro-2.3,5-tri-0-benzyl-D^ibofuranose, HCi gas was 

allowed to pass through a solution of 1-0-p-nttrobenzoyt-2,3,54rl:0-benzyl-p-D- 
ribofuranose (1.479 g, 2.6 mmol) In 10 mL of dry CHgClg at 0»C for 15 min. The resulting 
suspension was quickly filtered and the filtrate was evaporated. The residue was 
coevaporated with dry MeCN and then dissolved in 5 mL of dry MeCN for immediate use 

10 in the subsequent glycosylation reaction. To a mixture of 13 (0.512 g. 2 mmol) in 10 mL 
of dry MeCN. was added 0.5 mL (2 mmol) of BSA. The reaction mixture was stirred at 
75°C for 20 min. This solution was treated with the above MeCN solution of the blodced 
carbohydrate and 0.464 mL (2.4 mmol) of TMSOTf at 70°C for 20 min. The reaction 
mixture was cooled and diluted with EtOAc (50 mL). The EtOAc solution was washed with 

15 sat NaHCOg solution (50 mL x 2), sat NaQ solution (50 mL), dried {Na^O^, and 
evaporated. The residue was chromatographed on a siHca column (1.9 x 38 cm, eluted 
with hexane, 10%, 15% EtOAc/hexane). Evaporation of fractions 30-37 (15 mL per 
fraction) gave 0.593 g (45%) of 91a as a colorless syrup. MS: (EQ m/e 658.0780 (2%, 
M+=658.0774). NMR (DMSCWg): d7.93(s.1.7-H),7.35,6.92(2xm,15,3xPhCH2), 

20 5.99 (d, t , 1 '-H. Jv.2.«8.0 Hz), 4.72, 4.58, 4.35 (3 x m, 9, 2'-H, 3'-H, 4'-H, and 3 x PhCfcig), 
3.76 (dd, 1 , 5*-H. J4.^.=2.0 Hz, Jg.^.^ 1 1 .0 Hz), 3.65 (dd, 1 , S^-H, J4.^=2.5 Hz). ""^C NMR 
(DMSO-de): d 14Z00 (C2), 138.40 (C3a). 137.81, 137.44. 136.74 (3 X PhCHa), 131.34 
(C7a), 128.08. 128.03, 127.59. 127.40, 127.32, 127.28, 126.97 (3 xQiCHa and C4), 124.64, 
12a52 (C5 and C6), 11Z65 (C7), 87.46 (CV), 83.03, 77.08, 74.92 (C2', C3', and C4'). 

25 72.43, 71 .44, 71 .28 (3 x PhgHg). 69.22 (05*). 

Evaporation of fractions 44-68 (1 5 mL per fraction) gave 0.69 g of the a-anomer as 
a syrup. This sample contained a small amount of the starting material (13) and was 
further purified on a silica column (1.9 x 16 cm, eluted with CHCI3, 0.5% MeOH/CHCIg). 
Evaporation of fractions 5-10 (15 mL per fraction) gave 0.619 g (47%) of the a-anomer 

30 as a syrup. MS: (Ei) m/e 658.0781 (1 %, M+ =658.0774). ^ H NMR (DMSO-dg): d 7.82 (s, 
t, 7-H), 7.32, 7.15, 6.77 (3 x m, 15, 3 X PhCHa). 6.42 (d, 1 , 1 '-H, J^..2'=4.5 Hz), 4.58, 4.34, 
4.13 (m, t. d, 9. 2'-H, 3'-H, 4'-H, and 3 x PhCHg), 3.68 (m, 2. 5'-H and 5'-H, Jg.^-sl 1 .0 Hz). 
^^C NMR (DMSOdg): d 1 41 .1 8 (C2), 1 38.1 6. 1 37.89, 1 37.43, 1 36.81 (C3a and 3 x EtlCHg), 
133.19 (C7a), 127.99, 127.93. 127.56, 127.49, 127.38, 127.22, 126.98. 126.38 (SxfhCHg 
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and C4), 123.91, 121.91 (C5 and C6), 113.95 (C7), 87.56 (CI"), 80.77, 77.60, 77.31 (C2', 
C3', and C4*). 72.77, 71 .36, 71 .82 (3 X PhCHg), 69.50 {CS). 

1- fB-D-Rlbo1u^ano8vlV^2.4i5■6^etrachlo^ob nzlmldazol f92> 

To a solution of 0.565 g (0.858 mmoQ of 91a in 8 mL of CH2CI2, was added 
5 dropwise 8.58 mL of 1 M BCIa^CHjCIg at -78°C. The reaction mbcture was stin-ed at -78°C 
for 2 hr and then at •40°C for 2 hr. MeOH (2.5 mL) was added dropwise and stbrring was 
continued at -40°C for 10 min. The reaction mixture was diluted with EtOAc (75 mL). The 
EtOAc solution was washed with i-l20 (50 mL). sat l^aHCOg solution (50 ml^, sat NaQ 
solution (50 mL), dried (NagSO^), and evaporated. The residue was suspended in a small 

1 0 amount of CiHCIg and then filtered. The solid product was washed with portions of CHCig 
and recrystallized from MeOH to give 0271 g (81%) of 92 as white crystals. MP: 
172-1 75^0 (dec), ""h NMR PMSCWg): d 8.62 (s, 1, 7-H), 5.89 (d, 1. V-H. Jv4j.=8.0 Hz), 
5.52 (d. 1, 2'-0H. J2.4.oH=6.5 Hz). 5.46 (t, 1, 5'-OH, J5.^.o„=4.5 Hz), 5.31 (d, 1, 3'-0H. 
'J3'-3'OH='*-5 Hz). 4,39 (m. 1, 2'-H, ^^^.=5.5 Hz), 4.14 (m. 1, 3'-H, J3.^.*2.0 Hz). 4.04 (m. 

15 1, 4'-H. J4.^.«=J4.^'=2.5 Hz). 3.72 (m. 2. 5'-H and ^-H, J5.^=12.0 Hz). ^^C NMR 
(DMSO-dg): d 142.44 (C2). 138.56 (C3a), 131.95 (C7a). 126.91 (C4), 124.52. 122.39 (C5 
and C6), 1 1 3.55 (C7). 89.58 (CI % 86.44 (C4'). 71 .95 {C2), 69.53 (CS"), 60.82 {CS'). Anal. 
Calcd. for C^^^Qd^U^O^i C. 37.14; H, 2.60; N, 7.22. Found: C. 37.01 ; H, 2.60; N, 7.01. 

2- Chloro-1 •f2.3.5-tri ^cetvl-B-D-ribofuranosvn.4.5.6-tribromoiaenzimida7ole »02\ 

20 To a suspension of 0.779 g mmol) of 20 in 1 0 mL of dry MeCN. was added 0.5 

mL (2 mmol) of BSA. The reaction mixture was stirred at 75°C for 15 min. This solution 
was treated with 0.700 g (2.2 mmol) of 1 A3,5-tetra-aacelyl-p-D-riboftiranose and 0.43 mL 
(Z2 mmol) of TMSOTf at 75°Cfor 1 hr. The reaction mixture was coofed and diluted wnth 
EtOAc (50 mL). The EtOAc solution was washed vnth sal. NaHCOg solution (50 mL x 2), 

25 sat Naa solution (50 mL), dried {Ha^O^, and evaporated, "me residue was 
recrystallized from MeOH to give 1.1 g of the bloclced nucleoside as white crystals. This 
product contained some impurity by TLC and was further purified on a silica column (1 .9 
X 25 cm, eluted with CHCI3). Evaporation of fractions 8-20 (20 mL per fraction) and 
recrystallization from MeOH gave 0.974 g (2 crops, 75%) of 102 as white crystalline 

30 needles. MP: 163-165°C. MS: (El) m/e 643.8201 (2%, M+ =643.81 96). ^H NMR 
(DMSO^Ie): d 8.25 (5. 1, 7-H), 6.25 (d. 1. V-H, Jy^^7.Q Hz). 5.53 (t, 1. 2'-H, J2.^.=7.0 
Hz). 5.43 (dd. 1 . 3'-H, J3.^.=4.5 Hz). 4.47 (dd, 5'-H. J5.^.=5.0 Hz. Jg-^^l 1 .5 Hz). 4.46 (m. 
1. 4'-H). 4.37 (dd. 1. 5'-H, J5.^.=1.5 Hz). 2.15. 2.13, 2.01 (3 x s, 9. 3 x Ac). NMR 
(DMSO-dg): d 169.93, 169.42, 169.16 (3 x COCH3), 140.70 (C2), 140.85 (C3a), 132.58 

35 (C7a), 121.30 (C5), 119.07 (C6), 115.93 (C4), 115.72 (C7). 86.94 (CV). 79.74 (04*), 70.73 
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(02"), 68.62 (03*), 62.53 (CS"), 20.66, 20.26. 19.97 (3 x COCHg). Ajial. Calcd. for 
CigH^eBraCINgOy: C, 33.39; H, 2.49; N, 4.33. Found: C, 33.30; H, 2.33; N 4.31. 
2-Chloro-1-(B-D-rib furanosvlM.5.6-tr1bromobenzlmiclazol9 (103) 

A mixture of 0.430 g (0.664 mmol) of the blocked nucleoside (102) and 0.216 g 
5 (3.31 7 mmoO of KCN In 1 3 mL of 70% EtOH was stirred at room temperature for 6 hr. The 
reaction mixture was diluted with 75 mL of EtOAc. The EtOAc solution was washed writh 
HjO (50 mL). sat NaCI solution (50 mL), dried (NagSO^), and evaporated. The residue 
was chromatographed on a silica column (1.9 x 15 cm, eluted successively with Ci-ICIg, 
1%, 2%, 3% MeOH/CHCig). Evaporation of fractions 43-60 (10 mL per fraction) and 

10 recrystailizaUon from MeOH/MeCN gave 0.157 g (2 crops, 44%) of 103 as white cfystals. 
IVIP: 168-170^, MS: (FAB) m/e 518.7947 (28%, MH+=51 8.7957). Ni\^R (DMSOKJe): 
d 8.76 (s, 1, 7-H), 5.87 (d, 1. 1'-H, J,.^=8.0 Hz), 5.51 (d, 1, 2'-0H, ^z^oh=6.0 Hz), 5.42 
(t. 1. 5'-OH, Js.^.oH='*.5 Hz). 5.30 (d. 1, 3'-0H, J3.^.oh=4.5 Hz), 4.37 (m, 1, 2'-H, 
J2.^.=5.5 Hz), 4.14 (m, 1, 3'-H, J3.^.=2.0 Hz), 4.02 (m, 1, 4*-H, J4.^=J4.^.=2.5 Hz), 3.71 

1 5 (m. 2. 5'-H and ST-H, J5.^.=12.0 Hz). "C NMR (DMSO-dg): d 142.32 (C2). 140.94 (C3a). 
132.50 (C7a), 120.62 (C5), 118.44 (C6), 117.10 (C7). 115.34 (C4), 89.58 (CI"), 86.50 (04"), 
71.93 (C2'). 69.63 (C3'). 60.89 (CS"). Calcd. for C^2HioBr3CINL>04 0.3 MeCN: C. 
28.36; H, 2.06; N, &04. Found: 0,28.25; H, 1.84; N, 5.90. (the Content of 0.3 MeCN was 
also indicated by ^H NMR.) 

20 2-Azido-5.6-dlchioro-1-f2-d9oxv-3.5<li-0-p-toluovl-B-D-en/throiaentoluranc^ 

filoa) 

Compound 110 (5.74 g, 10 mmol) was stirred with 4.90 g (100 mmol) of LiN^ in SO 
mL of dry DMF at 70°C for 1 6 hr. The reaction mixture was evaporated and coevaporated 
with toluene. The residue was partitioned between EtOAc^alf sat. NaCI solution (250 

25 mL/200 ml^. The EtOAc layer was washed with half sat NiaCi solution (200 mL), dried 
{Na^O^, and evaporated. The residue was dried under oH-pump vacuum at room 
temperature for 2 hr to give 11 Oa as a yellowish foam (6.0 g, ~ 1 03%). This sample was 
pure by TLC and was used directly in the subsequent reactions without further purification. 
Analytical sample was obtained by recrystallization from EtOH. MP: 82-85<'C. MS: (El) m/e 

30 579.1065 (2.5%. M* =579.1 076). ^H NMR (DMSO-dg): d 7.97, 7.81 (2 x s, 2, 7-H and 
4-H), 7.96, 7.88, 7.36, 7.30 (4 x d, 8, Ph, J=8.0 Hz), 6.36 (dd, 1, 1'-H, J,.^=8,5 Hz, 
J^.^=6.0 Hz), 5.72 (m, 1 , 3'-H, J3.^=7.0 Hz, 43.^=2.0 Hz. J3.^.=3.5 Hz), 4.71 (dd. 1 . 5'-H, 
J5.^.=3.5 Hz, J5.^.=12.0 Hz). 4.63 (dd, 1. ff'-H, Jg,^.=5.0 Hz), 4.53 (m, 1, 4'-H), 3.05 (m, 
1. 2'-H, J2.^=15.0 Hz). 2.60 (m, 1, 2"-H), 2.40, 2.36 (2 x s, 6, 2 x Me). ""^C NMR 

35 (DMSO-dg): d 165.46, 165.31 (2 x p-MePhCO), 149.07 (C2), 144.04, 143.78 (2 x 
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p-MePhCO), 140.52 (C3a), 132.63 (C7a), 129.49. 129.24 129.20 (2 x p-MeQlCO), 126.55, 
126.43.125.35, 124.57 (2 xp-MePhCO, C6, and C5), 118.98(04), 112.78(07), 83.78(01'), 
81.19 (04'). 73.90 (03'). 63.72 (05'). 35.31 (02'). 21.15. 21.10 (2 x p-M_PhCO). Anat. 
Calcd. for C28H23CI2N5O5: O, 57.94; H, 3.99; N. 12.07. Found: 0, 58.07; H. 4.12; N. 
5 11.94. 

2-Azldo-5.6<llchloro-1 -f2-deoxv-B-I>enrthro-Dentofuranosvnben2imidazole (1 tOb) 

Oompound 110a (6.0 g. prepared from 10 mmol of 110) was treated with 150 mL 
of NHg/MeOH at room temperature for 2 days. The reaction mixture was evaporated and 
coevaporated with MeOH. The resulting solid was triturated vwth CHOI3 (50 mL). The 

1 0 CHCI3 suspension was kept at 0"C for 1 hr and was then filtered. The solid was washed 
with portions of CHCI3 and then recrystaDized from MeOH to give 2.462 g (2 aops) of 
110b as white needles. The OHCI3 filtrate was concentrated to 20 mL and kept in a 
freezer (~ -IffO) overnight. The precipitate was collected and recrystalllzed from MeOH 
to give addlttonal 0.569 g (2 crops) of 110b. The total yield was 3.031 g (88% from 110). 

15 MP: 1 59-1 61"C (dec). MS: (El) m/e 343.0232 (30%, M+=343.0239). NMR (DMSO^g): 
d 8.26 (s, 1, 7-H). 7.81 (s. 1. 4-H), 6.09 (dd. 1, 1'-H. Jy^=9.0 Hz. J^.^^ftO Hz). 5.36 (d, 
1, 3*-0H. J3.^.oH=4.5 Hz), 5.1 5 (t. 1, S'-OH, Jy^-oH'S-O H2). 4.39 (m, 1, S'-H, J3.^.=6.5 
Hz. J3..2.=Z5 Hz, J3.^.=3.0 Hz), 3.84 (m, 1 , 4'-H, \.^.^.S Hz). 3.65 (m, 2, 5'-H), 2.50 (m, 
1, 2'-H, J2..2.=13.0 Hz). 2.09 (m. 1, 2"-H). '"^C NMR (DMSO-dg): d 149.00 (02), 140.90 

20 (03a), 132.11 (07a), 125.13. 124.25 (05 and 06), 118.79 (04), 114.11 (07). 87.52 (04^, 
84.08 (On, 70.15 (03'). 60.10 (05'), 38.54 (02'). Ana|. Oalcd. for C12H11CI2N5O3: O, 
41.88; H. 3.22; N. 20.35. Found: 0. 42.01; H. 3.13; N, 19m 
2-Amino-5.6-diehl oro-1 -f2-deoxv-B-D-ervthro-Dentofuranosvnbenzimidazole h 1 3) 

A mixlure of 110b (1.032 g, 3 mmol) and Ra-Ni (0.24 g, weQ In 30 mL of BOH was 

25 hydrogenated (50 psi of Hg) at room temperature for 6 hr. The reaction mixture was 
filtered and the filtrate was evaporated. The residue was suspended in 20 mL of MeCN 
and the suspension was filtered to give 0.856 g (90%, 2 crops) of 113 as a wltite solid. 
Analytical sample (as white needles) was obtained by recryslallizalion from MeOH/MeCN. 
MP:216-221»0(dec.). MS: (El) m/e 317.0340 (37%, M+=31 7.0334). ""h NMR (DMSOKle): 

30 d 7.71 (s, 1 , 7-H), 7.29 (s. 1 , 4-H), 6.93 (br s, 2, 2-*iH^. 6.23 (dd, 1 , 1 '-H, Jy,^=83 Hz. 
Jl..2.=6.0 Hz), 5.40 (t, 1. 5'-GH. J5.^.oh=4.5 Hz). 5.34 (d. 1, 3'-OH, J3.^.oh=4.0Hz). 4.40 
(m, 1 , 3'-H, J3.^=7.0 Hz. J3.^=2.0 Hz, J3.^.=2.5 Hz), 3.82 (m. 1 , 4'-H, J4.^.=Z5 Hz). 3.68 
(m. 2, 5'-H), 2.40 (m, 1, 2'-H, J2.^=t3.0 Hz). ZOS (m, 1, 2"-H). "o NMR (DMSO-dg): d 
155.85 (02), 143.16 (C3a), 132.40 (07a), 122.94, 119.77 (05 and 06). 115.35 (04), 110.69 
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(C7). 86.91 {C4'), 83.87 (CV). 70.20 (C3% 60.74 (C5'). 38.05 (C2'), AQSI. Calcd. for 
C^aHiaClaNaOg: C, 45.30; H, 4.12; N, 13^1. Found: C, 45.44; K 4.10; N, 13.28. 
2.5.6-Trlchloro-1 -(2.3.S-tri-04)enzvl-B-D-arabinofurano3vnben2imldazole (1 33) 

Compound 5 (598 mg 2.7 mmole) was dissolved in dry CH3CN(60 ml) and 97% 
5 NaH (80 mg, 3 mmole) was added. The mbdure was stin-ed under N2 for 1 hour at room 
temperature. Then 2,3,5-tri-0-ben2yl-D-arabinofuranosyl chloride (prepared from 

2.3.5- trl-0-benzyl-1-0-p-nitrobenzoyl-D-arablnofuranose) (1.83 g, 3 mmole)) dissolved in 
dry CH3CN (20 ml) was added dropwlse. The mixture was stirred under N2 for overnight 
at room temperature. The reaction solution was filtered through Ceilte. The filtrate was 

1 0 evaporated to give a syrup and this syrup was subjected to flash column chromatography 
on silica gel (Kieselgel 60, 230-400 mesh) and eluted with CH2CI2. The fractions 
containing 1 33 were combined and evaporated to give 1 .6 g (95.0%) of 1 33. (IR KBr cm''* : 
1140-1060 (C-O-C)). 

2.5.6- Trichloro-1-fB-D-arabinofuranosv»benzlmidazo!e f134) 

15 Compound 133 (1^ g 2 mmole) was dissolved in dry CH2CI2 (20 ml) and this 

solution was cooled in an acetone-dry ice bath. AIM solution of BCI3 in CI-I2CI2 (10 ml) 
was added and the mixture was stinred at -70° for 4.5 hr. At this point TLC showed no 
starting material. CH3OH (10 ml) was added and the solution was made neutral with 
NH4OH. The solution was evaporated in vacuo to dryness. H2O (20 ml) was added and 

20 the solution was extracted with EtOAc. The EtOAc layer was washed vAth 1^0, dried 
(Na2S04) and evaporated in vacuo to obtain a syrup. This syrup was subjected to flash 
column chromatography on silica gel (KleselgehBO, 230-400 mesh) with CHgCI -MeOH 
(20:1) as eluent solvent to give 134. Yield 0,551 g, 77.9%. 
2.4.5.6.7-Pentachtoro-1 4(1 .3^iben2vloxv-2-Dropoxv)m9thvnbenzimida2ole (1 54) 

25 The title compound was prepared from 2,4,5,6,7-pentachlorobenzimidazole (14) 

(0.29 g, 1 .0 mmole), CH3CN (35 mL), NaH (97%, oil dispersion, 0.033 g, 1.4 mmole) and 
[(1,3-bis(benzyioxy)-2-propoxy]methylchloride (0.49 g, 1.5 mmole ) in CH3CN (10 mL) to 
afford an oil. The resulting oil was purified by flash column chromatography (2 x 20 cm) 
(230-400 mesh) prepared with wet SiOg in hexane. Bution hexane:EtOAc (8:2pV/v) 

30 gave 0.32 g of the blocked product 154 as an oil. Although the NMR spectra revealed 
a small amount of an impurity, the compound was used without further purification for the 
next step. 

2.4.5.6.7-Pentachloro-1 -U1 .3-dihvdroxv-2-propoxv)methvnbenzimldazole n 55) 

Compound 1 55 (0.52 g, 51 %) was prepared from 1 54 (1 .5 g, 2.6 mmole), BCI3 (5M 
35 solution in CH2Ci2, 14 mL), Ct^2^'2 (^^ MeOH (20 mL) by the method described 
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for 166 Which n recrystallization from BOAC gave 1S5: m.p. ISS"; ""h NMR (DMSO^g): 
d 5J6 (s, 2 H, C-V), 4.63 (t, 2 H, exchanges wfth DjO. 2 x OH), 3.54^48 (m, 1 H, C5-3'), 
3.43-3.2S (m, 4 H, C-4' and S'H). Aoal. Calcd. for O^^H^Ol^^. C, 33.46; H, 258; N, 
7.09. Found: C. 33.60; H, 2.15; N. 6.91. 
5 2-MethOXV-4.5.6.7-tetraehlorM-m.a<ffllvdroxv.2-tirDDQW^nr ^^ f157a) anri 

2-Amino-4.5.6.7-tetrachloro-1 -Ui .3-Dlhvdroxv-2-Dropoxv^methvn banzimidazole HSS) 

A mixture ofISS (058 g, 0.71 mmole) and methanolic ammonia (methanol saturated 
with ammonia at 0^ 60 mL) was stirred at room temperature for 36 hr In a pressure bottle. 
The resulting mixture was evaporated to dryness and was purified by flash column 

1 0 chromatography (3 x 1 5 cm) (230-400 mesh). EluHon of the column CHgCljtMeOH (97:3, 
vN) and evaporation of the appropriate fractions followed by recrystallization from of MeOH 
gave 0.06 gm (20 %) of 157a: m.p. 192°C; NMR (DMSO<!g): d 5.71 (s. 2 H. O-l"). 4^ 
(t, 2 H, exchanges with DgO. 2x OH ), 4.19 (s, 3H, OCH3), 3.75^.21 (m, 5 H, G-3\ G^' 
and C-S-). AOiL Galcd.for Ci2H,2N2Cl404: 0, 36.92; H. 3.07; N, 7.17. Found: C. 3750; 

15 H, 2.99; N, 6.93. 

Further elution of the CH2Cl2:MeOH (90:1, vAO and evaporation of the appropriate 
fractions followed by recrysteliizatlon from the mixture of DMSO-H2O gave 0.2 g (69 %) of 
156: m.p. 268»C; ^H NMR (DMSOfiy: d 7.40 (bs, 2 H, exchanges with D^O, NHg), 5.75 
(8, 2 H, 01 ■), 4.77 (bs, 1 H, exchanges with DgO, 2 x OH ), 3.565.34 (m, 5 H, C-3', 04' 
20 and C^').AnaL Calcd. for CiiH^iNgCI^Oj: 0,3550; H,Z93; N. 11.20. Found: 0,35.37; 
H. 3.02; N, 10.86. 

2.4.5.6.7-Pentachlo ro-l -te-acetoxvethoxvmathvl^benzlmidazole f1 68^ 

NaH (0.12 g, 3.0 mmole. 60% oil disperson) was added to a stirred suspension of 
2,4,5,6,7-pentachloroben2lmldazote (14) (1.0 g, 3.4 mmole) in dry OH3ON (120 ml^ under 

25 a N2 atmosphere. The solution was stirred until H2 evolution has ceased and a clear 
solution was obtained (20 min.). (2-Acetoxyethoxy) methyl bromide (0.68 g, 10.66 mmole) 
in OH3CN (34 mL) was then added dropvirise. The reaction mixture was stirred for an 
additional 3 hr. The resulting mixture was concentrated under reduced pressure, diluted 
with H2O (50 mL), extracted with EtOAc (100 mg, washed with H2O (100 ml^, dried 

30 (anhyd. Na2S04) and the solvent was removed under reduced pressure to yield an oil 
(1 65). The resulting oil was purified by flash column chromatography (2 x 24 cm) (230-400 
mesh), Hution of the column with hexane:EtOAc (6:4, v/v) and evaporation of the 
appropriate fractions gave a solid which was recrystallized from MeOH to afford 1.39 g 
(72%) of 16S: m.p. 119»C ^H NMR (ODOI3): d 5.93 (s, 2 H, 0-1 0, 4.143.92 (m, 4 H, 03' 
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and CM'), 1.83 (s, 3 H, Ac). Anal. Calcd. for CgHgNgClsOg: 0,35.45; H, 223; N. 6.89. 
Found: C, 35.57; H, 2.17; N, 16,91. 

2.4.5,6.7-Pentachloro-1 -f2-ben2vloxvethoxvmetlTvnbenzlmidaz le 

NaH (0.033 g» 1.52 mmole, 90% oil disperson) was added to a stined suspension of 
5 2,4,5p6,7-pentachlorobenzimidazole (14) (0.3 1 .03 mmole) in dry CH3CN (35 mL) under 
a atmosphere. The solution was stirred until H2 evolution had ceased and a clear 
solution was obtained (20 min.). (2-Benzylox/ethoxy)methylchloride (0.31 g, 1 .54 mmole) 
in CI^CN (10 mL) was then added dropwise. The reaction mixture was stirred for an 
additional 15 hr. The resulting mixture was concentrated under reduced pressure, diluted 

10 with H2O (50 mL), extracted with EtOAc (100 mL), washed with H^O (100 mlj, dried 
(anhyd. t4B2SO^ and the solvent was removed under reduced pressure to yield an oil. 
The resulting oil was purified by flash column chromatography (2 x 24 cm) (230-400 mesh). 
Elution of the column wfth hexane:EtOAc (6:4, v/v) and evaporation of the appropriate 
fractions followed by crystallization from hexane:EtOAc afforded 0.18 g (38.4%) of blocked 

1 5 product: m,p. 95<*C; NIVIR (CDCI3): d 7.22-7.34 (m, 5H, CgHg), 5.93 (s, 2 H, C-1 '). 4.47 
(S, 2H, CHgCgHg), 3.70^.73 (m, 2 H, 3.45-3.57 (m. 2 H, 0-4'), 1,83 (s, 3 H, Ac). AnaL 
Calcd. for C^yH^^Ud^O^: C, 44.88; H, Z86; N, 6.16. Found: 0, 44.95; H, 2.59; N. 6.05. 
2.4,5.6.7-Pentachloro-1 ■f2-hvdroxvethoxvmethvl)benzimidazole f1 66) 

To a solution of the blocked product (1.2 g, 2.63 mmole) in dry OHgClg (25 mL) at 

20 -78<'C under N2 atmosphere, BCI3 (5M solution in OH2OI2, 18 mL) was added dropwise 
while maintaining the bath temperature at 78°C. The reaction mixture was stirred for an 
additional 4 hr, MeOH (18 mL) was added at 0^0 and the cold solution was immediately 
neutralized (pH 7) with NiH40H. The solution was allowed to warm up to room temperature 
and then concentrated at 40^0 to yield an oil. The resulting mixture was diluted with HgO 

25 (100 mL), extracted with EtOAc (250 mL), washed with H^O (100 mL), dried (anhyd. 
IMa2S04) and concentrated in vacuo. The product thus obtained, was purified by flash 
column chromatography (2 x 24 cm) (230-400 mesh). Elution of the column with 
hexane:EtOAc (6:4, v/v) and evaporation of the appropriate fractions gave a solid which 
on recrystaliization from hexane:EtOAc afforded 0.45 gm (45%) of 166: m.p. 168-170^0; 

30 ^ H NMR (DMSO-dg): d 5.83 (s. 2H, 0-1 '), 4.62 (t, 1 H, exchanges with DgO, OH), 3.54^.50 
(m, 2 0-3'), 3.44-3.38 (m. 2 H, C-4'). Calcd. for C^qHjM^CI^O^, C, 32.92; H, 1.92; 
N, 7.68. Found: 0, 32.58; H, 1.82; N, 7.33. 
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2-M th xv-4.5.6.74 trae hl ro-1-r2-hvdroxvethoxvmethvl>benzlmtdazol <ABBa\ and 
2rAmino-4.5.6.7-te trachloro-1-f2-hvdroxvBlhoxvm thvnb nzimidazole tier) 

A mixtur of 1 65 (0^ 0.49 mmole) and methan He ammonia (methanol saturated with 
ammonia at CPC, 30 mL) was stirred at room temperature for 12 hr in a pressure bottle. 
5 The resulting mixture was evaporated to dryness and purified by flash column 
chromatography (2 x 25 cm) (230-400 mesh). Bution of the column CH2Cl2:MeOH (97:3, 
v/v) and evaporation of the appropriate fractions followed by recrystallization from the 
mixture of hexane:EtOAc gave 0.02 gm (13.24 %) of 166a: m.p. 139^; NMR 
(Dl^SOdg): d 5.44 (s. 2 H, C-1'), 4.69 (t. 1 H, exchanges with DgO. OH ), 3.86 (s. 3 H, 

10 OCHg). 3.46^.41 (m. 4 H. 03' and CM"). Anal Calcd. for Ci^HioNjCI^Oa: C, 34.81; H. 
3.62; N, 12.16. Found: C, 34.59; H, 2.55; N. 11.79. 

Further elution of the CH2a2:MeOH (90:1, v/\^ and evaporation of the appropriate 
fractions followed by recrystalDzation from the mixture of DIMSO-HgO gave a06 g (39.5 %) 
of 167: m.p. 26a"C; NIWR (DMSCWg): d 7.42 (s. 2 H. exchanges with DgO, NHg), 5.66 

15 (s, 2 H, C-l"), 4.69 (bs, 1 H, exchanges with DgO, OH ). 3.47 (m, 4 H, C-3' and 0-4*). Anal. 
Calcd. for C^oH9N3Cl402: 0, 36.62; H, a79; N, 7.78. Found: C, 36.61; H, 2.16; N, 7.65. 
1 -Ben2vl-2.S.&jriehlorobenzimldazole (1 M\ 

2,5,6-Trichloroben2imldazole (5, 50 mg, 0.0002 moles) was dissolved in 15 ml of 
CHgCN, and K^CO^ (33 mg, 0.0002 moles) was added. The mixture was stirred at room 

20 temperature for one hour, at which time benzyl bromide (0.024 mi, 0.0002 moles) was 
added. The mixture was then stirred for two days. TLC analysis showed the fomiation of 
a new compound wKh a higher R, than starting material. The mixture was then 
concentrated and a liquid-liquid extraction was done using CHCI3, and HgO. The CHCI3 
layer was i<ept dried with MgSO^, filtered, and then concentrated. Column chromotograpy 

25 was then performed using 2% IWeOH/CHCIg to eiute the compounds. The fractions were 
collected and those containing the compound were concentrated. The compound was 
recrystailized from MeOH, giving 60 mg of 1-ben2yl-2,5,6-trichlorobenzimldazoIe (181) 
(96.2%). ^H NMR (CDCIg): d 3.49 ppm (s, 3H), 7.13 (m, 2H). 7.32 (m. 4H), 7.78 (s. 1H). 
^®C NMR (CDCI3): d 43.20 ppm, 106.25, 115.78, 121.62, 122.24, 122.66, 123.50. 124.15. 

30 129.05, 129.16, 135.97, 137.68. GC-MS: m/e 310, 273, 239, 221. 197. 170, 158, 138, 120, 
100,91,77,65,51,39. m.p: 175-1 76'C. Bemental Analysis : (C„HgCi3N2): Calculated: 
C. 53.85; H, 2.88; N. 8.97. Found: C, 53.92; H, 2.85; N, 8.89. UV imax nm (e x 104): (pH 
7) 263 (0.080). 290 (0.102), 299 (0.154); (pH 1) 224 (0.412), 258 (0.157), 290 (0.155), 299 
(0.166). 
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2-Amlno-1 -beroevl-S S-dlchlorobenzlmldazole f1 82) 
M thod Af182) 

2-Amlno-5,6-dichlorobenzimidazole (4) (1g, 4.95 mmole) was dissolved in acetonStrile 
(200 ml) and NaOH (198 mg, 4.95 mmole) was added. After stirring for 1 hr at room 
5 temperature, benzyl bromide (0.589 mi, 4.95 mmole) was added and the mixture was 
allowed to stir overnight. The mixture was concentrated under reduced pressure and 
purified on a silica gel column (3.5 X 5 cm) using 5% MeOH/CHCIs to give 1.23 g (85%) 
of 2-amlno-1-benzyl-5,6KJIchlorobenzimidazole (182), The compound was then 
recrystallized from EtOH/H20 to give a white powder. ''H NMR (DMSO-d^): d5.28 ppm 
10 (s, 2H), 6.95 (s, 2H), 7.16 (d, 2H), 7^5 (d. 1H). 7.31 (m, 4H), ""^C NiWIR (DMSCWg): d 
44.74 ppm, 109.15, 115.37, 119.62, 122.66, 126.82, 127.37, 128.55, 134.10, 136.46, 143.13, 
156.91. MS (Hedron Impact): m/e 291, 200. 158, 91, 65. MP: 245-246*0. Elemental 
Analysis : (C^4H^,Cl2N3,): Calculated: C, 57.55; H, 3.79; N. 14.38. Found: C, 57.66; H, 
3.83; N,13.98. UVImaxnm (exIO^- (pH 7) 230 (0.761), 260 (0.324). 302 (0.452); (pH1) 
15 238 (0.306), 294 (0.383), 299 (0.359); (pH 11) 229 (0.869). 257 (0.316), 301 (0.443), 
Method B(182) 

Compound 118 was treated with methanolic ammonia for 18 hr, at an elevated 
temperature, to afford compound 1 82, after a standard isolation and purification procedure. 
, D. Antiviral Activity of Compounds 
20 The following test methods were followed In generating the data in Rgures 3 through 
9. 

METHODS' 

(1) PropaQation of Cells and Viruses 
(a) Ceils 

25 The routine growth and passage of KB ceils, a human epidermoid neoplastic cell line, 
was performed in monolayer cultures using minimal essential medium (MEM) with either 
IHantcs salts [MEM(H}] or Earie salts ([MEM(E)] supplemented with 10% calf serum or 5 to 
10% fetal bovine serum. The sodium bicarbonate concentration was varied to meet the 
buffering capacity required. BSC-1 (African green monkey icidney) cells were grown and 

30 passaged in Duibecco modified MEM(E) supplemented with 5% tryptose phosphate broth 
and 5% horse semm. Cultures of human foreskin fibroblasts (i-IFF) were grown In medium 
consisting of MEM(E) with 10% fetal bovine semm. 

Cells were passaged at 1 :2 to 1 :1 0 dilutions according to conventional procedures by 
using 0.05% trypsin plus 0.02% EDTA in a HEPES buffered salt solution. HFF cells were 

35 passaged only at 1 :2 dilutions. 
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(b) VjfMses 

The S-148 strain f HSV-1 was used in most experiments and was provided by Dr. 
T.W. Schafer of Schering Corporation. The HF strain of HSV-1 was used in selected 
experiments and was obtained from Dr. Q.H. Cohen, University of Pennsylvania. The 
5 Towne strain, plaque-purified isolate P^. of HCMV was a gift of Dr, Mark StinsW, University 
of Iowa. 

High titer HSV-1 stocks were prepared as follows: Nearty confluent monolayer 
cultures of KB cells were grown in 32 oz. glass botUes containing MEM(E) buffered with 
25 mM HEPES and supplemented with 5% fetal bovine serum and 0.127 g/liter L-arginine 
10 (VGM, virus growth medium). The cultures were infected at a low Input multiplicity to 
reduce the formation of defective vims. After cell cytopathology reached Ihree to four 
plus", the cells were hawested by vigorous shaking, and concentrated by cenlrlfugatlon 
(BOO X g for 5 min.). The resulting virus pools were stored at -7ff*C until retrieved for use 
in experiments. 

1 5 Stock HCMV vyras prepared by infecting HFF cells at a multiplicity of Infection (m.o.i.) 
of less that 0.01 pIaque4onning units (p.tu.) per cell. Cell growth medium was changed 
every four days until cytopathology was evident in all cells (approximately 21 days). 
Supernatant fluids were retained as the vims stock. Four days later, the remaining cells 
were dismpted by three cycles of freeze4havydng and the cell plus medium held as an 
additional source of vims. Storage was in liquid nitrogen. 

HSV-1 was titered using monolayer cultures of BSC-1 cells. Cells were planted at 3 
X 10® cells/well using frwell cluster dishes. MEM(E) supplemented with 10% fetal bovine 
semm was employed as medium. After 22-24 h, ceils were 90% confluent and were 
Inoculated In triplicate using at least three ten-fold dilutions with 0.2 ml of the vims 

25 suspension to be assayed and incubated in a humidified 4% CO2-90% air atmosphere for 
one hour to pennit viral adsorption. Following vims adsorption, the cell sheet was 
overiayed with 5 ml of MEM(E) with 5% semm plus 0.5% methocel (4000 CPS) and 
Incubated an additional two to three days. Cells were fixed and stained with 0.1 % crystal 
violet in 20% methanol and macroscopic plaques enumerated. 

30 HCMV was titered in 24-well cluster dishes which were planted to contain 5x10^ HFF 
cells/well, grown as described above. When the cells were 70 to 80% confluent, 0.2 ml of 
the virus suspension was added per well and adsorbed as described above. At least three 
ten-fold dilutions of each preparation were used. Following vims adsorption, the cell 
sheets were overiayed with 0.5% methocel (4000 CPS) in maint nance medium IMEM(E) 

35 with 1.1 g/Iiter NaHCOg, 100 units/ml penicillin G. 100 ng/ml streptomycin, and 5% fetal 
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bovine serum]. The cultures were Incubated in a humidified atmosphere of 4% C02-96% 
air. Viral foci were visible 5 1 7 days after infection using at least 1(Mold magnificati n. 
Cells were fixed and stained by a l0-mlnute exposure to a 0.1% solution of crystal vl let 
in 20% methanol 7 to 12 days after Infection. Microscopic foci were enumerated at 2(Mbld 
5 magnification using a Nikon Profile Projector. 
(2) Assays for Antiviral Activitv 

(a) HSV-1 

Plaque reduction e)q>eriments with HSV-1 were performed using monolayer cultures 
of BSC-1 cells. The assay was performed exactly as described above except that the 0.2 

10 ml virus suspension contained approximately 100 p.f.u. of HSV-1. Compounds to be 
tested were dissolved In the overlay medium at concentrations usually ranging from 0.1 
to 100 |iM in half-or-one logarrthm^Q dilutions. Ttter reduction assays were perfomned by 
planting KB cells in 25 cm^ plastic tissue culture flasks 10 to 24 hr prior to infection. At 
the onset of experiments, logarithmically growing replicate monolayer cultures were 60 to 

1 5 80% confluent and contafned 2.5 to 4.5 x 1 0^ cells/flask. Medium was decanted and the 
cultures were Infected with 2 to 10 p.f.u. of IHSV-1 per cell. Virus was contained in 1 .0 ml 
of VGM supplemented with 5% fetal bovine serum. After a 1 h adsorption period at 37°C, 
the cen sheet was rinsed twice with 2 ml of VGM without serum to remove unadsorbed 
virus and 5 ml of VGM containing drugs at three to five selected concentrations added in 

20 duplicate. Following an 16-to 20-hr incubation at 37^C, Infected monolayers were treated 
with EDTA4rypsin to suspend the cells; aliquots were removed, subjected to three cycles 
of freezing and thawing, and stored at -7ff^G for subsequent virus assay. Virus was titered 
on BSC*1 cells as described above. 

EUSA techniques according to standard procedures were also used to determine 

25 activity against HSV-1. Drug effects were calculated as a percentage of the reduction in 
virus titers in the presence of each drug concentration compared to the titer obtained in 
the absence of drug. Acylovir was used as a positive control in all experiments. 

(b) HCMV 

The effect of compounds of the replication of HCMV has been measured using both 
30 a plaque (focus) reduction assay and a titer (yield) reduction assay. For the former, HFF 
cells in 24-well culture dishes were infected with approximately 50 p.f.u. of HCMV per well 
using the procedures detailed above. Compounds dissolved in growth medium were 
added in three to six selected concentrations to triplicate wells following virus adsorption. 
Following incubation at 3TC for 7 to 10 days, cell sheets were fixed, stained and 
35 microscopic plaques were enumerated as described above. Drug effects were calculated 
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as a percentage of reduction in number of foci in the presence of eachi drug concentration 

compared to the number obsen^ed in the absence of drug. DHPG (ganciclovir) was used 

as apositiv control in all xperiments. 

For titer reduction assays, I^FF cells were planted as described above in 24^ell 

5 cluster dishes or in 25 cm^ flasks. When monolayers were approximately 70% confluent, 

HCMV was added at a m.o.i. of 0.5 p.f.u. per cell and adsorbed as detailed above. 

Compounds dissolved in growtti medium were added in one or one-hatf-iogarittim^o 

dilutions and incubation continued at 3rc. After 7 to 1 0 days of incubation, culture dishes 

of flasks were frozen at 7ff*C. For titer determination, cells were thawed and then 

10 subjected to two more cycles of freezing and tiiawing at 37*0. Serial, one-logarrthm-,o 

dilutions of the final suspension were prepared and inoculated onto new cultures of HFF 

cells. Titer detemnination was as detailed above in part (b). 

(3) Gvtotoxicltv Assays 

(a) Protocol for DetermininQ Effects of Compounds on DNA. RNA and Protein 
15 Synthesis 

KB or HFF cells were planted using a Costar Transplate-96 (Costar, Cambridge, 
Massachusetts) in Costar 96-weli cluster dishes at a concentration of 10,000 to 12,000 
cells per woil. Cells were suspended in 200 |il of medium [MEM(H) plus 0.7 g/liter 
NaHCOg supplemented vm 10% calf seruml per well. After incubatfon of 16 to 24 hours 

20 at 3rC In a humidified atmosphere of 4% COg In air, 150 jil of medium was removed per 
well. One-hundred |il of medium wiUi or wrUiout compounds in twice their final 
concentrations was added to each well using a Titerlek Multichannel Pipette. Final 
concentrations of compounds ranged from 0.1 to 320 (il of medium containing radioactive 
precursors also was added to each well to give a final concenti-ation to 1 to 3 jiCi/ml of 

25 labeled precursor. [^H]Thd was diluted wrUi unlabeled dThd to give a final concentration 
of 3 to 6 |iM. 

Following addition of drugs and labeled precursors, plates were incubated as 
described above for an additional 1 8 to 24 hr. IjDgartthmic cell grovrth occurred during this 
time with continual uptake of labeled precursors. At the end of the incubation period, cells 

30 were individually harvested from each well using a Skatron Ceil harvester (Skatron, Inc., 
Steriing, Virginia). Cultures for Individual wells were harvested onto filter paper and 
washed free of unincorporated label with nine sequential washes witii 5% trichloroacetic 
acid, nine washes witii water, and nine with ethanol using the Skatron unit. Filters were 
dried, circles from individual cultures were punched ft-om the fitter mat and placed into 

35 mini-vials. Uquid scintillation solution was added, and radioactivity determined In a 
Beckman model LS8100 Uquid scintillation spectrometer. All samples were counted for 
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2.0 min each, with three r und of counting. Counts per minute were d termlned following 
the application of statistical methods to elirninate count rates which fell utsid distributi n 
limits defined by Chauvenetys rejection criteri n. 

Ail analyses were performed In triplicate. That Is, three culture wells were used per 
5 time point, radioactive precursor, and drug concentration in all experiments. Results from 
triplicate assays were converted to percent of control and plotted as log dose-response 
cun/es from which 50% Inhibitor (I50) concentrations were interpolated. Three 
concentrations of vidarabine were included on all plates as a positive control, 
(b) Visual Scoring 

1 0 Cytotoxidty produced in HFF and BSC-1 cells was estimated by visual scoring of cells 
not affected by virus infection In the HCMV and HSV-I plaque reduction assays. 
Cytopathology was estimated at 35- and 60^fold magnification and scored on a zero to 
four plus basis. Wells were scored on the day of staining. 
(4) Cell Growth Rates 

15 Population doubling times and ceil viability were measured In uninfected HFF and/or 
KB cells. Cells were planted in replicate 6-well plastic tissue culture dishes or in 25 cm^ 
flasks as described above in part 1. Following an incubation period during which cells 
attached to the substrate, medium was decanted, the cell sheet rinsed once with HBS, and 
fi'esh medium added. The medium consisted of MEM(E) with 1 .1 g NaHCO^/liter and 1 0% 

20 fetal bovine or calf serum plus appropriate log or hatf*log concentrations of drug. After 
additional periods of incubation from 1 to 72 hours at cells were harvested by means 
of 0.05% trypsin plus 0.02% EDTA in a IHEPES-buffered salt solution. Cells were 
enumerated using either a Coulter counter or a homocytometer and viability detennining 
using trypsan blue dye exclusion. 

25 (5) Plating Efflciencv 

A plating efficiency assay was used to confirm and extend results described above. 
Briefly, KB cells were suspended In growth medium and an aliquot containing 1000 cells 
was added to a 140 x 25 mm petri dish. Growth medium (40 ml) containing selected 
concentrations of test compounds was added and the cultures incubated in a humidified 

30 atmosphere of 4% C02-96% air, 3TC for 14 days. Medium then was decanted and 
colonies fixed with methanol and stained with 0.1% crystal violet in 20% methanol. 
Macroscopic colonies greater than 1 mm in diameter were enumerated. Drug effects were 
calculated as a percentage of reduction in number of colonies formed In the presence of 
each drug concentration compared to the number of colonies fonned in the absence of 
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drugs. Dose-response curves were generated and I^q concentrations f r Inhibition of 
plating/colony fonmation were calculated. 
(6) Data Analysts 

Dose-response relationships were used to compare drug effects* These were 
5 constructed by linearly regressing the percent inhibition of parameters derived in the 
preceding sections against log dmg concentrations. The 50 Inhibitory {\^ concentrations 
were calculated from the regression lines using the methods described by Goldstein. See 
Goldstein, A,. Biostatistics: An Introducton/Text. MacMilian, NewYork, pp. 156-161 (1964). 
The three IgQ concentrations for inhibition of DMA, RNA and protein synthesis were 
1 0 averaged and were reported in the tables. Along with the \^ concentrations are compared 
to IgQ concentrations for Inhlbilfon for HCMV or HSV-1 replication. Compounds for which 
the ratio of cytotoxicity \^ concentrations to antiviral Iqq concentrations {in vitro therapeutic 
index) were greater than 10, were considered for further study. 

RESULTS 

15 (1) Antiviral Actlvltv and Cvtotoxicrtv of Benzimldazoles 

Figure 3 summarbes test results from antiviral and cytotoxidty evaluation of the 
benzimldazoles. These halogen-substituted compounds were active against HCMV, wfth 
a halogen at Rg being essential for antiviral activity and low cytotoxicity. For example, 
compounds 45 and 52 were active against HCMV In the sub- or low micromolar range and 

20 did not produce cytotoxicity in uninfected cells at concentrations up to 100 jiM. This 
potent and selective antiviral activity against HCMV is In sharp contrast to the low, 
apparent activity against this virus of the dichioro compound commonly referred to as DRB 
which compound was initially described by Tamm (I. Tamm, Science 120:847-848, 1954). 
The and R3 positions In this compound are substituted by CI but the R5 position is 

25 unsubsBtuted. Afthough this compound appears to have weak activity against HCMV and 
HSV-1 (Figure 3), this activity was observed only at concentrations which produced 
cytobcicrty in uninfected cells (Figures 3 and 8). Thus in contrast to compounds disclosed 
herein, the activity of DRB against HCMV Is not actual antiviral activity but rather Is a 
manifestation of cytotoxicity. 

30 Other compounds showing good or better activity ttian compound 45 against HCIVIV 
and low cytotoxicity are compounds 52, 85, 95, 99 and compound 111 (the deoxyrlbosyl 
analog of compound 45). Other compounds with activity Include compounds 61, 81, 83a, 
and 107. All compounds except 81, 95, and 99 also had activity against HSV-1. 

Figure 9 summarizes test results from antiviral and cytotoxicity evaluation f 

35 benzimidazoles and related comp unds. These compounds are active against HCMV and 
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somealsoar active against HSV-1 , F r example, comp unds 57, 65, 65a, 87, 80, 103, 
1 1 3, 1 34, 1 55, 1 56, 1 82, 92, 81 and 54 were active against HCMV In th lowHUicromolar 
range in either plaque or yield reduction assays. Alth ughs me com unds also showed 
cytotoxic effects In some assays, activity against HCMV was separated from cytotoxicity. 
5 All other compounds presented in Figure 9 also were active against HCMV but to a lesser 
extent 

In addition to activity against HCMV, compounds 44, 65a. 113. 134, 182, 54, 19. 12c, 
13 and 26 also are active against HSV-1. 
(2) Detailed Studies with Compound 45 

10 Because of the potent acbVity of compound 45 against HCMV and its very low 
cytotoxicity, this compound has been studied more extensively. Data in Rgure 8 provide 
evidence that compound 45 is highly specific for human cytomegalovirus. The data show 
the compound is highly active against this vims but is less active against herpes simplex 
type 1 , herpes simplex type 2, varicella-zoster virus and mouse cytomegalovirus. 

15 Because of this unique potent activity against HCMV, compound 45 was compared 
to the loiown anti*HCMV agent gandclovir as well as to DRB. Figure 5 shows that 
compound 45 is at least as effective as ganciclovir In producing multiple 1 0-fold reductions 
in virus titer. Thus, at a concentration of 32 |iM compound 45 produced a 100,000-fold 
reduction in the replication of HCMV. The lacic of cytotoxicity of compound 45 in this 

20 antiviral activity range is shown in Figure 6. Data in this figure establish that at 32 to 1 00 
\iM compound 45 had little or no effect on the growth of uninfected KB cells. Figure 7 
shows that the inhibitory effects produced by a concentration as high as 320 |iM could be 
reversed by simple removal of the drug from uninfected cells. In contrast Rgure 8 shows 
the effects of the Icnown compound DRB were fully inhibitory to uninfected cells at 100 |iM 

25 and these effects could not be reversed by removal of the drug from culture, thereby 
establishing the cytoxictty of this compound. 

The lacl< of cytotoxicity of compound 45 was further established by plating efficiency 
experiments. In these experiments, which measure both the ability of cells to grow and 
to attach to a substrate, compound 45 had no effect at 100 iiM. 

30 (3) Additional Studies With Compounds 45 and 52 

Because of the potent activity of compounds 45 and 52 against HCMV and their very 
low cytotoxicity, these compounds were studied further. Compound 52 also was 
compared to the icnown anti-HCMV agent ganciclovir In yield reduction assays. 
Compound 52 is more effective than ganciclovir in producing multiple 10-fold reductions 

35 in virus titer. Thus, at a concentration of 3.2 ^cM, compound 52 produced nearly a 
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100,0C}0*fold reducli n in the replication of HCMV. In contrast, a 32 ^ concentration of 
gandclovir was needed to give a similar reduction in HCMV titer. Separate experiments 
(Figure 3) established a lack f cytotoxicit/ of compound 52 in Its antiviral activity range. 
Data in this figure show that up to 100 //M compound S2 had little or no effect on the 
5 growth of uninfected KB cells. 

The \ack of toxicity of compounds 45 and 52 In their antMrai dose range was further 
established by examining the effect of both compounds on human bone marrow 
progenitor cells. Both compounds are at least six-fold less toxic to 
granulocyte/macrophage progenitor cells than Is ganclclo\dr. Compound 45 Is at least 

10 four-fold less toxic to erythroid progenitor ceils than is ganciclovir, compound 52 is nearly 
three-fold less toxic. Thus, both compounds are more active against HCMV than is 
ganciclovir and both are less toxic to human cells. 
(4) DruQ Combination and Svnerov 

Compounds of the invention, such as compounds 45 and 52, provide additional 

15 advantages when used in combination with other antiviral drugs. For example, 
combination of compound 45 with the known antiviral drug ganciclovir results in greater 
activity (/.e. synergy) against human cytomegalovirus (l-iCMV) than the use of either agent 
alone when used at concentrations (approximately 0.1 to 1 0 |iM) most likely achieved in 
vivo by the administration of therapeutic amounts of each drug. At higher concentrations 

20 (approximately 3 to 10 iiM) compound 45 also is synergistic against HCMV when used 
with another known antiviral drug, acyclovir. Likewise the combination of compound 52 
with gancidovir or acyclovir results in synergistic acUvHiy against HCMV. 

Compounds of the invention, such as 45 and 52, could thus be used to treat HCMV 
infections in AIDS patients already receiving the antiviral drug zidovudine (AZT). 

25 Combination of either compound 45 or 52 with AZT provides the advantage of less toxicity 
over the combination of ganciclovir with AZT. The combination of compound 45 or 52 with 
AZT produces less cytotoxidty {i.e. antagonism) in cultured human cells than either agent 
used alone. In contrast, combination of ganciclovir with AZT produces greater cytotoxicity 
in human ceils than the use of either of these drugs alone. 

30 (5) Activity of Ester Prodrugs 

Prodrugs of poiysubstituted benzimidazoies can be useful for oral administration. For 
example, ester prodrugs of compounds 45 (compounds 42 and 42a) and 52 (compounds 
52a and 52b). respectively, have been prepared and are active against HCMV. 

The foregoing discussion discloses and describes merely exemplary embodiments of 

35 the present invention. One skilled in the art will readily recognize from such discussion, 
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and from the accompanying drawings and claims, that various changes, modifications and 
variations can be made therein without departing from the spirit and scop of the invention 
as defined In th following claims. Any discrepancy in compound nomenclature in th 
specification and claims herein should be resolved in deference to the structures and 
5 substituents set forth in the tables of Figures 1 and 2. 
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WHAT IS CLAIMED IS: 

1 . A method of antiviral treatment comprising the etep of administering to the 
viral host a therapeutically effeetiv amount of a compound selected from the group 
consisting of compounds having tiie following formula and pharmaceutically acceptable 
5 saKs and fbnnulations thereof: 




where 

Is H, R2 is CI, Rg is CI, R4 is H, R5 Is CI and Rg is p-D-rlbofuranosyl (denoted 
compound 45 In the text); 

R, Is H, R2 is Ci, R3 is CI. R4 Is H, R5 Is Br and Rg Is p-D-rlbofuranosyi (denoted 
10 compound 52 in the text); 

R^ is H. R2 Is NO2. R3 is NO2, R4 Is H, Rg Is CI and Rg p-D-ribofuranosyi (denoted 
compound 61 in the texQ; 

R^ is CI, R2 is H, R3 is CI, R4 is H, Rg is Ci and Rg is p-Mbofuranosyl (denoted 
compound 81 \n the text); 
15 R^ is H. R2 is CI, Rg is CI. R4 is H, Rg Is I and Rg Is p-O-rllJofuranosyl (denoted 

compound 83a in the text); 

R^ is Br, is Br, R3 Is H. R4 Is H, Rg Is Ci and Rg is p-D-ribofuranosyl (denoted 
compound 85 in the text); 

R^ is H. R2 is Br. R3 is G, R4 H, Rg is G and Rg is p-D-ribofuranosyl (denoted 
20 compound 95 in the text); 

Ri is H. R2 is Ci, R3 is Br, R4 is H. Rg is Ci and Rg is p-D-ribofuranosyi (denoted 
compound 99 in the text); 

R^ is H, is I. is I. R4 is H, Rg is Ci and Rg is p-D-ribofuranosyl (denoted 
compound 107 In tha text); 
25 R) is H, is CI, R3 Is Q, R4 is H, Rg is Q and Rg Is 2'-deoxy-rlbofuranosyl 

(denoted compound 111 in the text); 

Rf is H. R2 is CI, R3 Is Ci. R4 is H, Rg is Br and Rg is 2'-deoxy-ribofurano8yl 
(denoted compound 1 12 in the text); 

R^ is H, R2 is CI, R3 is Ci, R4 is H, Rg is Br and Rg is H (denoted compound 7 in 
30 the text); 
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is id CI, R3 is F, R4 is H, IR5 is CI and Rq Is H (d noted compound 12c in 

the text); 

R^ is a, R2 is CI, R3 is CI, R4 is (H, R5 is CI and is H (denoted comp und 13 in 
the text); 

5 R, is R2 is NO2, R3 is H, R4 is H, Rq is CI and R^ is H (denoted compound 19 

in the text); 

R^ is H, R2 is I, R3 is NO2, R4 is H, R5 is CI and R^ is H (denoted compound 26 in 
the text); 

R^ is CI, Rg is H, R3 is CI, R4 is H, R5 is CI and R^ is H (denoted compound 32 In 
10 the text); 

R^ is H, R2 is I, R3 is t, R4 is H, R5 is CI and R^ is l-i (denoted compound 41 in the 

text); 

R^ is CI, R2 is H, R3 is CF3, R4 is H, R5 is CI and is H (denoted compound 41c 
in the text); 

15 R^ is H, R2 is CI, R3 is CI, R4 Is H, Rg is Nl-i2 and Rg Is p-D-ribofuranosyl (denoted 

compound 44 in the text); 

R^ Is H, R^ is CI, R3 is Ci, R4 is H, R5 is SCH2 Cg H5 and Rg Is p-D-ribofuranosyl 
(denoted compound 54 in the text); 

R^ is H, R2 is Br, R3 is Br, R4 is H, Rg is CI and is p-Dnibofuranosyl (denoted 
20 compound ST in the text); 

R| is H, R2 is F, R3 is F, R4 is H, R5 is Ci and R^ is p-D-ribofuranosyl (denoted 
compound 65 In the text); 

R^ Is H, R2 is CI, R3 is F, R4 is H, R5 is CI and R^ is p-D-ribofuranosyl (denoted 
compound 65a in the text); 
25 Rf is H, R2 is H, R3 is CI, R4 is H, R5 is Ci and Rg is p*D-ribofuranosyi (denoted 

compound 67 in the text); 

R^ is Ci, R2 is H, R3 is CI, R4 is H, R5 is CF3 and R^ is p-D-ribofuranosyl (denoted 
compound 81b in the text); 

R) is Ci, R2 is H, R3 is CF3, R4 is H, R^ is CI and R^ is p-D-ribofuranosyl (denoted 
30 compound 81 c In the text); 

R^ is IH, R2 is Br, R3 is l-l, R4 is H, R5 is CI and is p-D-ribofuranosyl (denoted 
compound 87 In the text); 

R^ is H, R2 is H, R3 is Br, R4 is H, R5 is CI and is p-D-ribofuranosyl (denoted 
compound 90 in the text); 



wo 92/07867 PCT/US91/08124 

-80- 

is CI, is CI, R3 is CI, R4 is H, R5 is a and is p-D-ribofuranosyl (denoted 
compound 92 In th text); 

R^ is Br, R^ is Bf, R3 is Br, R4 Is H, R5 is CI and R^ is p-D-ribofuranosyl (denoted 
compound 103 in the text); 
5 R^ is H, R2 is a. R3 Is CI, R4 is H, R5 is NH2 and R^ Is 2'-deoxy-p-D-rlbofuranosyl 

(denoted compound 113 in the text); 

Ri is H. Is a, R3 Is CI, R4 Is H. Rg Is CI and Rg is p-D-arabinofuranosyi (denoted 
compound 134 in the text); 

R, is CI, R2 is CI, R3 is Ci, R4 is CI, R5 is CI and Rg is (1,3-dihydroxy-2- 
1 0 propoxy)methyl (denoted compound 1 55 in the text); 

R^ Is CI. Rg is CI, R3 is CI, R4 is Ci, Rg Is NHg and Rg is (1 ,3-dihydroxy-2- 
propoxy)methyl (denoted compound 156 in the text); 

R^ is CI, R2 is CI, R3 Is CI, R4 Is CI, R5 Is CI and Rg is 2-hydroxyethoxymethyl 
(denoted compound 166 in the text); 
15 R^ is CI, R2 is CI, R3 Is CI, R4 is CI, R5 is OCH3 and Rg is 2-hydroxyethoxymethyl 

(denoted compound 166a in the text); 

R^ is CI, is CI. R3 is CI, R4 is CI, R5 Is NHj and is 2-hydroxyethoxymethyI 
(denoted compound 167 in the text); 

R^ is H. Rg is CI, R3 is CI, R4 Is H, Rg is NHg and Rg Is benzyl (denoted compound 
20 182 In the text); 

R| is H, R2 is CI, R3 Is CI. R4 Is H, Rg is CI and Rg is 50-acetyl-p-D-rlbofuranosyl 
(denoted compound 42a in the text); 

R^ is H, Rg is CI, Rg Is CI. R4 is H, Rg is Br and Rg is S^-acetyl-p-D-ribofuranosyl 
(denoted compound 52b in the text); 
25 R^ is H, Rg is CI. R3 Is CI, R4 is H, Rg is CI and Rg is 2,3,5-trl-O.acetyl-p-D- 

ribofuranosyl (denoted compound 42 In the text); 

Ri is H. Rg is CI, Rg is CI, R4 Is H, Rg is Br and Rg Is 2,3,5-trl-aacetyl-p-D- 
ribofuranosyl (denoted compound 52a in the text); 
and operative combinations thereof. 

30 2. The method of Claim 1 wherein the compound is a compound selected from 

the group consisting of compounds 45, 52, 61, 81, 83a, 85, 95, 99, 107, 111, 112, 7, 19, 
26, 32. 54. 57, 65, 65a, 67, 81b, 81c, 87, 90. 92, 103, 113, 134, 155. 156, 166a, 167, 182. 
42a, 52b. 42. 52a, as defined in Claim 1, and operative combinations thereof. 
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3. The method of Claim 2 wherein the compound is a comp und selected from 
the group consisting of compounds 45, 52, 85, 111. 54, 65, 65a, 81c, 87, 90, 92, 156, 
182, 42a, 52b, 42, 52a and operative combinations thereof. 

4. The method of Claim 2 wherein the selected compound Is compound 61. 
5 5. The method of Claim 2 wherein the selected compound is compound 81 * 

6. The method of Claim 2 wherein the selected compound is compound 83a. 

7. The method of Claim 2 wherein the selected compound is compound 95. 

8. The method of Claim 2 wherein is the selected compound is compound 99. 

9. The method of Claim 2 wherein the selected compound is compound 1 07. 
10 10. The method of Claim 2 wherein the selected compound is compound 112. 

11 . The method of Claim 2 wherein the treatment is for a virus of the herpes 
family. 

12. The method of Claim 3 wherein the selected compound is compound 45. 

13. The method of Claim 3 wherein the selected compound is compound 52. 
15 14. The method of Claim 3 wherein the selected compound is compound 85. 

1 5. The method of Claim 3 wherein the selected compound is compound 111. 

16. The method of Claim 3 wherein the selected compound is compound 54. 

17. The method of Claim 3 wherein the selected compound is compound 65. 

18. The method of Claim 3 wherein the selected compound is compound 65a. 
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1 9. The method f Claim 3 wherein the selected compound Is compound 81 e. 

20. The method of Claim 3 wherein the selected compound is compound 87. 

21 . The method of Claim 3 wherein the selected compound is compound 90. 

22. The method of Claim 3 wherein the selected compound is compound 92. 
5 23. The method of Claim 3 wherein the selected compound is compound 1 56. 

24. The method of Claim 3 wherein the selected compound is compound 1 82. 

25. The method of Claim 3 wherein the selected compound is compound 42a. 

26. The method of Claim 3 wherein the selected compound is compound 51 b. 

27. The method of Claim 3 wherein the selected compound is compound 42. 
10 28. The method of Claim 3 wherein the selected compound is compound 52a. 

29. The method of Claim 3 wherein the treatment is for a virus of the herpes 
family. 

30. The method of Claim 29 wherein the virus is a virus selected from the group 
consisting of human cytomegalovirus and herpes simplex virus. 

15 31 . The method of Claim 30 wherein the viais is human cytomegaloviais. 

32. The method of Claim 3 wherein the composition further comprises an 
antiviral agent outside the group. 
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33. An antiviral composition comprising a pharmaceutleally acceptable carri r 
end a compound selected from the group consisting of compounds having the foHovirtng 
formula and pharmaceuUcaliy acceptable salts and fonnulatlons thereof: 




where 

5 Ri Is H, Rg Is CI, Rg is CI. R4 is H, R5 is CI and Rg Is p-D-ribofuranosyl (denoted 

compound 45 in the text); 

Ri is H, Rg Is CI. R3 Is CI, R4 Is H, Rg Is Br and Re is p-D-rlbofuranosyl (denoted 

compound S2 In the text); 

Ri Is H, Rg is NO2. R3 is NO2. R4 Is K Rs •» CI and Rg Is p-D-rlboluranosyl (denoted 

1 0 compound 61 in the text); 

R, is Ci. Rg is H, R3 is CI, R4 Is H. Rg Is CI and Rg is p-Mbofuranosyl (denoted 

compound 81 in the text): 

R, is H, Rg Is CI, Rg Is a, R4 is H. Rg Is I and Re Is p-D-rlbofuranosyi (denoted 

compound 83a in the text); 
15 R^ is Br, Rg is Br, R3 Is H. R4 is H, Rg is a and Rg is p-Mbofuranosyl (denoted 

compound 85 In the text); 

R^ is H, Rg is Br, Rg is CI, R4 Is H. Rg is CI and Rg Is p-Mbofuranosyl (denoted 

compound 95 in the text); 

R, Is H. Rg is CI. Rg Is Br. R4 is H. R5 is CI and Rg is p-D-ribofuranosyl (denoted 

20 compound 99 In the text); 

R, Is H. Rg is I. Rg is I. R4 is H. Rg Is CI and Rg is p-D-rlbofuianosyl (denoted 

compound 107 in the text); 

R^ Is H. Rg Is a. Rg is CI, R4 Is H, Rg is CI and Rg is 2'-deoxy-rlbofuranosyl 

(denoted compound 111 in the text); 



wo 92/07867 PCr/US91/08124 

-84- 

Is H, R2 Is CI, R3 Is CI. R4 is H, Rg is Br and is 2'-deox/-i1bofurano8yl 
(denoted compound 112 in tiie teoA); 

is H, is CI, R3 Is CI, is H, Rg is Br and Rg is H {denoted compound 7 In 

the text); 

5 is H, is CI, Rg is F, R4 is H. Rg is CI and Rg Is H (denoted compound 1 2c in 

the text): 

R, Is CI, R2 Is CI, R3 Is CI, R4 Is H, Rg is a and Rg is H (denoted compound 13 In 
the text): 

R^ Is H. Rg is NOg. R3 Is H, R4 is H, Is CI and Rg is IH (denoted compound 19 
10 in the text); 

R^ Is H, Rg Is I, R3 is NO2, R4 Is H, Rg is CI and Rg is H (denoted compound 26 in 
the text); 

Ri is CI, Rg Is H, R3 Is CI, R4 is H, Rg Is CI and Rg Is H (denoted compound 32 In 
the text); 

15 R^ Is H, Rg is I. R3 is I. R4 is H, Rg Is CI and Rg Is H (denoted compound 41 in the 

text); 

R^ Is CI, Rg Is H, is CF3, R4 is H, Rg is CI and Rg is H (denoted compound 41 c 
in the text); 

R^ is H, Rg is CI, R3 is CI, R^ is H, Rg is NHg and Rg is p-Mbofuranosyl (denoted 
20 compound 44 in the texQ; 

Ri is H, Rg is CI, Rg is CI. R4 is H, Rg Is SCHg Cg Hg and Rg is p-D-rlbofuranosyi 
(denoted compound 54 in the text); 

R^ Is H, Is Br, Rg is Br, R4 is H, Rg is CI and Rg is p-D-rlbofuranosyl (denoted 
compound 57 in the text); 
25 R^ is H, is F, Rg is F, R4 is H, Rg is CI and Rg Is p-D-ribofuranosyl (denoted 

compound 65 in the text); 

R, is H, Rg is CI, Rg Is F, R4 is H, Rg Is a and Rg Is p-D-ribofuranosyl (denoted 
compound 65a in the text); 

R^ is H, Rg is H, Rg is CI, R4 is H, Fig is CI and Rg Is p-D-ribofuranosyl (denoted 
30 compound 67 in the text); 

R^ is CI, Rg Is H, Fig is CI, R4 is H, Rg Is CFg and Fig is p-D-ribofuranosyl (denoted 
compound 81b in the text); 

R^ is CI, Rg Is H, Rg Is CF3, R4 is H, is CI and Rg is p-D-ribofuranosyl (denoted 
compound 81c in the text); 
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is H, R2 is Br, R3 Is H. R4 is H, R5 Is Ci and Rg is p-D-rlbofuranosyi (den ted 
compound 87 in the text); 

is H, R2 is H, R3 is Br, R4 is H, R5 Is CI and Rg is p-D^ibofuranosyl (den ted 
compound 90 In the text); 
5 Ri is CI, R2 Is CI, R3 is CI, R4 Is H, R5 Is CI and R^ Is p-D-rlbofuranosyl (denoted 

compound 92 in the fext); 
* R^ is Br, Rg is Br, R3 is Br, R4 is H, R5 Is a and Is p-D-ribofuranosyi (denoted 

compound 103 in the text); 

R^ Is H, R2 is CI, R3 is CI, R4 is H, R5 Is NH2 and Rg is 2'-deoxy-p-D-ribofuranosyI 
1 0 (denoted compound 1 1 3 in the text) ; 

Ri is H, R2 is CI, R3 Is CI, R4 is H, R5 Is CI and Rg is p-D-arabinofuranosyl (denoted 
compound 134 In the text); 

R^ is CI, Rg Is Ci, R3 is CI, R4 is CI, R5 Is CI and Rg is (1,3-dihydroxy-2- 
propoxy)methyl (denoted compound 155 in the text); 
15 R, is CI. R2 is CI, R3 is CI, R4 is CI, R5 is NHg and Rg is (1 ,3-dihydroxy-2- 

propoxy)methyl (denoted compound 156 in the text); 

R^ Is a, Rg is a, R3 Is CI, R4 Is CI, R5 is CI and Rg is 2-hydroxyethoxymethyI 
(denoted compound 166 in the text); 

R^ is CI, Rg Is CI, R3 is CI, R4 is CI, Rg Is OCH3 and Rg is 2-hydroxyethoxymethyl 
20 (denoted compound 1 66a In the text); 

R^ is CI, Rg Is CI, R3 is CI, R4 is CI, R5 Is NHg and Rg is 2-hydroxyethoxymethyl 
(denoted compound 167 in the text); 

R^ is H, is CI, Rg is CI, R4 Is H, Rg is NHg and is benzyl (denoted compound 
182 in the text); 

25 R^ is H, Rg is Ci, R3 is CI, R4 Is i-l, Rg is CI and Rg is 5-0>acetyl-p-D-ribofuranosyl 

(denoted compound 42d in the text); 

Rt Is H, Rg Is CI, R3 is CI, R4 Is H, Rg is Br and Rg is 5-0-acetyl-p-D-ribofuranosyl 
(denoted compound 52b in the text); 

R, Is H, Rg is CI, R3 Is CI, R4 Is H, Rg Is CI and Rg is 2,3,5-tri-O-acetyl-p-D- 
30 ribofuranosyl (denoted compound 42 in the text); 

R| is H, Rg is CI, R3 is CI, R4 is H, Rg is Br and Rg Is 2,3,5-tri-O-acetyl-p-D- 
« ribofuranosyl (denoted compound 52a in the text); 

and operative combinations thereof. 
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34. The composition of Claim 33 wherein the compound is a compound 
selected fr m the group of compounds consisting of compounds 45, 52, 61, 81, 83a, 85, 
95, 99, 107, 111, 112, 7, 19, 26, 32. 54, 57, 65, 65a, 67. 81b, 81 . 87. 90, 92, 103, 113, 
134. 155. 156. 166a. 167, 182, 42a. 52b. 42. 52a, as defined in Claim 33, and operative 
5 combinations thereof. 

35. The composition of Claim 34 wherein the compound is a compound 
selected from the group of compounds consisting of compounds 45, 52, 85, ill, 54, 65, 
65a. 81c, 87, 90, 92, 156, 182, 42a, 52b. 42, 52a and operative combinations tiiereof. 

36. The composition of Claim 34 further comprising an antiviral agent outside 
10 the group. 

37. The composition of Claim 34 wherein the selected compound is 45. 

38. The composition of Claim 34 wherein the selected compound is 52. 

39. The composition of Claim 34 wherein the selected compound is 85. 

40. The composition of Claim 34 wherein the selected compound is 111. 
15 41 . The composition of Claim 34 wherein the selected compound is 54. 

42. The composition of Claim 34 wherein the selected compound is 65. 

43. The composition of Claim 34 wherein the selected compound is 65a. 

44. The composition of Claim 34 wherein tiie selected compound Is 81c. 

45. The composition of Claim 34 wherein the selected compound is 87. 
20 46. The composition of Claim 34 wherein the selected compound is 90. 



47. 



The composition of Claim 34 wherein the selected compound is 92, 
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48. The composition of Qaim 34 wherein the selected compound Is 156. 

49. The composition f Qaim 34 wherein the selected comp undis182. 

50. The composition of Claim 36 wherein the antiviral agent outside the group 
comprises A2T. 

5 51 . The composition of Claim 36 wherein the antiviral agent outside the group 
conprises ganciclovir. 

52. The composition of Claim 36 wherein the selected compound is selected 
from the group consisting of compounds 45 and 52 and the composition. 

53. The composition of Claim 52 wherein the antiviral agent outside the group 
10 comprises AZT. 

54. An antiviral compound selected from the group consisting of compounds 
having the following general formula and phamiaceutically acceptable formulations and 
salts thereof: 

wherein 

16 Is H, R2 Is 01, R3 is CI, R4 is H, R5 is Br and Rg is p-Dnribofuranosyl (denoted 

compound S2 in the text); 

Is H, R2 Is NO2. R3 Is NO2. R4 Is H, R5 Is CI and Rg Is p^>ribofuranosyl (denoted 
compound 61 in the text); 

R^ is Ci, Rg Is H, R3 is CI, R4 is H. Rg Is CI and Rg is p-D-ribofuranosyl (denoted 
20 compound 81 In the text); 

R^ Is H, Rg Is CI. R3 Is CI, R4 is H, Rg Is I and Rg is p-Df ibofuranosyl (denoted 

compound 83a in the text); 

R, Is Br. R2 is Br, R3 Is H. R4 is H, Rg is C\ and Rg is p-D-ribofuranosyl (denoted 

compound 85 in the text); 
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is H. Rg is Br. R3 Is CI, R4 is H, R5 is Q and Rg Is p-D-ribofuranosyl (dsnoted 
compound 95 in tiie text); 

R^ is H, R2 is CI. R3 Is Br, R4 Is H, Rg Is Q and Rg is p-D-ribofuranosyl (denoted 
compound 99 In the text); 
5 R, Is H. R2 is I, IR3 Is I. R4 is H, R5 is CI and Rg is p-D-rlbofuranosyl (denoted 

compound 107 in thie text); 

R| Is H. R2 is a, R3 is CI, R4 Is H, Rg is CI and Rg is 2'-deoxy-rlbofurano8yl 
(denoted compound 111 In the text); 

R, is H, R2 is CI, R3 Is CI. R4 is H, Rg Is Br and Rg is 2'-deox/-ribofuranosyi 
1 0 (denoted compound 1 12 in the text); 

R, is H, R2 Is CI, R3 Is CI, R4 is H, Rg is Br and Rg Is H (denoted compound 7 In 
the text); 

R, is H, Rg Is CI, Rg is F, R4 is H, R5 Is CI and Rg Is H (denoted compound 12c In 
the text); 

16 R, is CI. Rg is CI, R3 Is CI, R4 Is H, Rg is CI and Rg is H (denoted compound 13 in 

the text); 

Rt is H, R2 is NOg, R3 is H, R4 Is H, Rg is CI and Rg Is H (denoted compound 19 
in the text); 

Ri Is H, R2 Is I, R3 is NOg, R4 is H, Rg Is CI and Rg Is H (denoted compound 26 In 
20 the text); 

R, is CI, R2 Is H. Rg Is CI, R4 is H. Rg is CI and Rg Is H (denoted compound 32 in 
the text): 

R, is H. R2 Is I, R3 is I, R4 is H, Rg is CI and Rg is H (denoted compound 41 In the 

text); 

25 R^ Is a, Rg is H, is CFg, R4 Is H, Rg is a and Rg is H (denoted compound 41 c 

in the text); 

Ri Is H, R2 Is Br, Rg Is Br, R4 Is H, Rg Is CI and Rg Is p-D-ribofuranosyl (denoted 
compound S7 in the text); 

Ri is H, Rg is F. Rg Is F, R4 Is H, Rg is CI and Rg is p-D-ribofuranosyl (denoted 
30 compound 65 In the text); 

Ri Is H, Rg is CI, Rg Is F, R4 is H, Rg is CI and Rg is p-D-ribofuranosyl (denoted 
compound 65a in the text); 

Ri is H, Rg Is H, Rg Is CI, R4 is H, Rg Is CI and Rg is p-D-ribofuranosyl (denoted 
compound 67 In the text); 
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Is a, R2 18 H, Rg Is CI, R4 is H, Rg is CFg and Rg is p-D-rIb furanosyl (denoted 
compound 81b in the text); 

Ri Is a, R2 is H. R3 Is CF3, R4 is H, R5 is a and Rg is p-D-ribofuranosyl (denoted 
compound 81c In the text); 
5 R^ is H, is Br, R3 Is H, R4 Is H, Rg Is CI and Rg Is p-D-ribofuranosyl (denoted 

compound 87 in the text); 

R, is H, is H. R3 is Br, R4 is H, Rg Is CI and Rg Is p-D-ribofuranosyl (denoted 
compound 90 in the text); 

R^ is a. R2 is CI, R3 Is Ci, R4 is H, Rg Is CI and Rg is p-D-ribofuranosyl (denoted 
1 0 compound 92 in the text) ; 

R^ is Br, Rj Is Br, R3 Is Br, R4 is H, Rg is CI and Rg Is p-D-ribofuranosyl (denoted 
compound 103 in the text); 

R^ is H, Is CI, R3 Is Ci, R4 is H, Rg is NHg and Rg is 2'-deoxy-p-D-ribofuranosyl 
(denoted compound 113 in the text); 
15 R^ is H, Rg is a, R3 Is Ci, R4 Is H, Rg is CI and Rg Is p-D-arablnofuranosyl (denoted 

compound 134 In the text); 

R, Is CI, is CI. R3 is a, R4 Is CI, Rg Is CI and Rg is (1,3^ihydroxy-2- 
propoxy)methyl (denoted compound 155 In the text); 

R, is CI, R2 Is CI, R3 is Ci. R4 is CI, Rg is NHg and is (1,3-dihydroxy-2- 
20 propoxy)methyl (denoted compound 156 in the text); 

R^ Is CI, R2 is CI, Rg Is CI, R4 is CI, Fig Is CI and Rg is 2-hydroxyethoxymethyl 
(denoted compound 166 in the text); 

R^ is CI, F^a is Ci, R3 is CI, R4 is Ci, Rg is OCH3 and Rg Is 2-hydroxyethoxymethyl 
(denoted compound 166a In the text); 
25 R^ Is CI, R2 Is CI. R3 Is Ci, R4 is CI, Rg is NHg and F^ is 2-hydro;yethoxymethyl 

(denoted compound 167 in the text); 

R) is H. R2 is CI, R3 is CI, R4 is H, Rg Is NHg and Rg Is benzyl (denoted compound 
182 in the text); 

R^ is H, R2 is CI, R3 Is CI, R4 is H, Rg is CI and Rg is 5-O-acetyl-p-D-ribofuranosyl 
30 (denoted compound 42a in the text); 

Rf is H. R2 is CI, R3 is CI, R4 is H, Rg is Br and Rg is 5-O-acetyl-p-D-ribofuranosyl 
(denoted compound 52b In the text); 

R^ Is H, R2 is CI, R3 Is CI, R4 is H, Rg is Ci and Rg Is 2.3,5-tri-aacetyl-p-D- 
ribofuranosyl (denoted compound 42 In the text); 
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Ri Is H, R2 is CI. R3 is a, R4 is H. Rg is Br and Rg Is 2.3,5-trl-0-ac8tyl-p-D- 
ribofuranosyl (denoted compound 52a in the text); 
and operative combinations thereof. 

55. The compound of Claim 54 wherein the compound is a compound selected 
5 from the group of compounds consisting of compounds S2, 61 , 81 , 83a, 85, 95. 99, 1 07, 

111, 112, 7, 19, 26, 32, 57. 65, 65a, 67. 81b. 81c. 87. 90, 92. 103, 113, 134, 155, 156. 
166a, 167, 182, 42a, 52b, 42, 82a, as defined in Claim 54, and operative combinations 
thereof. 

56. The compound of Claim 55 wherein the compound is selected from the 
1 0 group of compounds consisting of compounds 52, 85. 1 1 1 . 65, 65a. 81 c. 87. 90, 92. 1 56, 

182, 42a, 52b, 42, 52a and operative combinations thereof. 

57. A compound of Claim 56 wherein the compound is compound 52. 

58. A compound of Claim 56 wherein the compound is compound 85. 

59. A compound of Claim 56 wherein the compound is compound 111. 
1 5 60, A compound of Claim 56 wherein the compound Is compound 65. 

61 . A compound of Claim 56 wherein the compound is compound 65a, 

62. A compound of Claim 56 wherein the compound is compound 81c. 

63. A compound of Claim 56 wherein the compound is compound 87. 

64. A compound of Claim 56 wherein the compound Is compound 90. 
20 65. A compound of Claim 56 wherein the compound Is compound 92. 

66, A compound of Claim 56 wherein the compound is compound 156. 

67. A compound of Claim 56 wherein the compound Is compound 182. 
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68. A compound of Claim 56 wherein the compound is compound 42a. 

69. Acomp und f Claim 56 wherein the compound is compound 52b. 

70. A compound of Claim 56 wherein the compound is compound 42. 

71 . A compound of Claim 56 wherein the compound is compound 52a. 

5 72. The use of a compound in the manufacturing of a medicament wherein the 
compound comprises a compound selected from the group consisting of compounds 
having the following formula and pharmaceutically acceptable salts and fomnulations 
thereof: 




is H, Rg Is CI, R3 Is CI, R4 is H. R5 is CI and Rg is p-D-rlbofuranosyl (denoted 
10 compound 45 in the text); 

R^ is H. R2 is a, R3 is CI, R4 Is H. R5 is Br and Rg is p-D-ribofuranosyl (denoted 
compound 52 in the text); 

R^ is H, R2 is NOg, R3 is NOg. R4 is H, R5 is CI and Rg is p-D-ribofuranosyl (denoted 
compound 61 in the text); 
15 R^ is a, Rg Is H, R3 Is CI, R4 is H. R5 is CI and R^ is p-D-ribofuranosyl (denoted 

compound 81 in the text); 

R^ Is H, R2 is CI, R3 is CI. R4 is H, R5 is i and Rg is p-l^ribofuranosyi (denoted 
compound 83a in the text); 

R^ is Br, R2 is Br. R3 Is H, R4 is H, R5 Is CI and Rg is p-D-ribofuranosyl (denoted 
20 compound 85 in the text); 

R^ is H, R2 is Br, R3 is Q, R4 is H, R5 is CI and Rg is p-D-ribofuranosyl (denoted 
compound 95 in the text); 

R) is H, Rg Is CI, R3 is Br, R4 is H, 1^ is Ci and Rg is p-D-ribofuranosyl (denoted 
compound 99 in the text); 
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is H, R2 is I, R3 is I, R4 is R5 is CI and Rg is p-D-ribofuran syi (denoted 
compound 107 in the te)ct); 

R^ is H, R2 is Cl» R3 is CI, R4 is H, R5 Is CI and R^ is 2'<leoxy-ribofuranosyl 
(denoted compound 111 in the text); 
5 Rps H, R2 is Ci, R3 is Ci, R4 is H, is Br and is 2'-deoxy-ribofuranosyl 

(denoted compound 112 in the text); 

R^ is H, Rg Is Ci, R3 is CI, R4 is H, R5 is Br and Rg is H (denoted compound 7 In 
the text); 

R^ Is H, Rg Is CI, R3 is F, R4 is H, R5 is CI and R^ is H (denoted compound 12c in 
10 the text); 

R^ is CI, R2 is CI, R3 is CI, R4 Is H, R^ is CI and R^ is H (denoted compound 13 In 
the text); 

R^ is H, R2 is NO2, R3 Is H, R4 is H, R^ is Ci and R^ is H (denoted compound 19 
in the text); 

15 R, Is H, R2 Is I, R3 is NO2, R4 is H. R5 is CI and Is H (denoted compound 26 in 

th&text); 

a, Is CI, R2 Is H, R3 is CI, R4 Is H, R5 is CI and is H (denoted compound 32 in 
the text); 

R^ is H, Rg is I, R3 is I, R4 is H, R5 Is CI and R^ is H (denoted compound 41 In the 

20 text); 

R^ is CI, Rg is H, R3 is CF3, R4 is H. R5 is CI and R^ is H (denoted compound 41c 
in the text); 

R^ Is H, R2 Is CI, R3 is CI, R4 is H, R5 Is NHg and Rg Is p-D-ribofuranosyl (denoted 
compound 44 In the text); 
25 R| is H, R2 is Cl^ R3 is CI, R4 is H, R5 is SCHg Cg H5 and is p-D-rlbofuranosyl 

(denoted compound 54 in the text); 

R^ is H, Is Br, R3 Is Br. R4 fs H, Rg is CI and Rg is p-D-ribofuranosyl (denoted 
compound 57 in the text); 

R^ is H, R2 is F, R3 is F, R4 is IH, Rg Is CI and Rg is p-D-ribofuranosyl (denoted 
30 compound 65 in the text); 

R| is H, R2 is CI, R3 Is F, R4 is H, Rg is CI and Rg is p-D-rlbofuranosyt (denoted 
compound 65a in the text); 

Ri Is H. Rg Is H. R3 is CI. R4 is H, Rg is CI and Rg Is p-D-ribofuranosyl (denoted 
compound 67 In the text); 
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is CI, Rg is H, R3 Is CI. R4 is H. Rg Is CF3 and Is p-D-rlbofuranosyl (denoted 
compound 81b in the text); 

R^ is CI, Rg Is H, R3 is CF3, R4 Is H, R5 is CI and Rg is JJ-D-riboluranosyl (denot d 
compound 81c in the text); 
5 R^ Is Hp Rg Is Br, R3 is H. R4 is H, R5 Is CI and Rg is p-D-ribofuranosyl (denoted 

compound 87 In the text); 

R^ Is H, R2 Is H, R3 Is Br. R4 Is H. Rg is CI and Rg is p-D-ribofuranosyl (denoted 
compound 90 in the text); 

R^ Is CI, R2 Is CI, R3 is CI. R4 is H, R5 is CI and Rg is p-D-ribofuranosyl (denoted 
1 0 compound 92 In the text) ; 

R| Is Br, R2 Is Br, R3 is Br, R4 Is H. R5 is CI and Rg Is p-D-rlbofuranosyl (denoted 
compound 103 in the text); 

R^ is H, R2 is CI, R3 is CI. R4 Is H, Rg Is NHg and Rg Is 2'-deoxy-p-D-rlboluranosyl 
(denoted compound 113 In the text); 
15 R| is H, Rg Is CI, R3 is CI, R4 Is H, Rg is CI and Rg Is p-D-arablnofuranosyl (denoted 

compound 1 34 in the text) ; 

R^ Is CI, Rg Is CI, Rg is CI. R4 is CI, Rg is CI and Rg is (1,3-dihydroxy-2- 
propoxy)methyl (denoted compound 155 In the text); 

R^ is CI, Rg is CI. R3 is CI, R4 Is CI, Rg Is NHg and Rg is (1.3-dihydroxy.2- 
20 propoxy)methyl (denoted compound 156 In the text); 

R| Is CI, Rg Is CI. R3 is CI, R4 Is CI, Rg is CI and is 2-hydroxyethoxymethyl 
(denoted compound 166 in the text); 

R^ is CI, Rg Is CI. R3 is CI, R4 is CI. Rg Is OCH3 and Rg Is 2-hydroxyethoxymethyl 
(denoted compound 166a in the text); 
25 R^ is CI, Rg Is CI, R3 Is CI, R4 Is CI, Rg Is NHg and Rg is 2-hydroxyethoxymethyI 

(denoted compound 167 In the text); 

R^ is H. Rg is CI, R3 is CI, R4 is H, Rg is NHg and Rg is benzyl (denoted compound 
182 in the text); 

R^ is H, Rg Is CI. R3 Is CI, R4 is H, Rg is CI and Rg is 5-O-acetyl-p-D-ribdfuranosyl 
30 (denoted compound 42a In the text); 

R^ Is H, Rg is CI, R3 is CI, R4 is H, Rg is Br and Rg is 5-O-acetyl-p-D-rlbofuranosyl 
(denoted compound 52b in the text); 

R^ is H, Rg Is CI. R3 Is CI. R4 Is H, Rg is CI and Rg is 2,3.5-tri-O-acetyl-p-D- 
rib furanosyl (denoted compound 42 in the text); 
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is H. is CI, R3 is a. R4 is H. R5 is Br and is 2.%5-trl-O-acetyl-p-D- 
rlbofuranosyl (denoted compound 52a in the text); 
and perative combinations thereof. 

73. A process for preparing a polysubstituted benzimidazole of the following 
5 formula: 




(I) 



wherein 

R^ is H, Rg Is CI, R3 is CI, R4 Is H, R5 is CI and Rg Is p-D-rlbofuranosyl (denoted 
compound 45 in the text); 
10 R^ Is H, Rg Is CI, R3 Is CI, R4 Is H, R5 Is Br and Rg is p-D-ribofuranosyl (denoted 

compound 52 In the text); 

R^ Is H, Is NO2, R3 is NO^, R4 is H, R5 is CI and Rg is p-D-ribofuranosyl (denoted 
compound 61 in the text); 

R^ is CI, Is H, R3 is CI, R4 Is H, R^ Is CI and R^ is p-D<ibofuranosyl (denoted 
15 compound 81 in the text); 

Ri is H, Rg is CI, R3 is CI, R4 is H, R5 is I and Is p-D-ribofuranosyl (denoted 
compound 83a in the text); 

R^ is Br, Is Br, Rg is H, R4 Is H. R5 is CI and Rg Is p-D-ribofuranosyl (denoted 
compound 85 In the text); 
20 R^ Is H, Is Br, Rg is CI, R4 is H, R5 is CI and Rg is p-D-ribofuranosyl (denoted 

compound 95 in the text); 

R^ Is H, Rg Is CI, R3 is Br, R4 is H, Rg Is CI and Rg is p-D-ribofuranosyl (denoted 
compound 99 in the text); 

R^ Is K is I, R3 is I, R4 Is H, Rg is CI and Rg is p-D-ribofuranosyl (denoted 
25 compound 1 07 In the text); 

R^ is H, Rg Is CI, R3 is CI, R4 is H, Rg is CI and Rg Is 2'-deoxy-ribofuranosyl 
(denoted compound 111 In the text); 

R^ Is H, Rg Is CI. R3 Is CI, R4 is H, Rg Is Br and Rg is 2'-deoxy-ribofuranosyl 
(denoted compound 112 In the text); 
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is H, R2 Is CI, R3 Is CI, R4 Is H, Rg Is Br and Rg is H (den ted compound 7 In 

the text): 

R^ is H, R2 is CI, R3 is F, R4 is H, R5 Is CI and Rg is H (denoted comp und 12c in 
the text); 

5 R^ is CI, R2 is Ci, Rg is a. R4 is H, Rg is CI and R^ Is H (denoted compound 13 In 

the text); 

R^ is H, is NO2, R3 is H, R4 is H. R5 is Ci and Rg is H (denoted compound 19 
in the text); 

R^ is H, Rg is I, R3 Is NO2. R4 is H. R5 is Ci and Rg is H (denoted compound 26 in 
10 the text): 

R^ is Ci, is H, R3 is Ci, R4 is H, Rg is Ci and Rg is H (denoted compound 32 in 
the text); 

R^ is H, R2 is i, R3 is I, R4 is H, R5 is a and Rg is H (denoted compound 41 in the 

text); 

15 R^ is CI, is H, R3 is CF3, R4 Is H, R5 is CI and Rg is IH (denoted compound 41c 

in the text): 

R^ is H, R2 is a, R3 is CI, R4 is H, R5 is NH2 and Rg is p-D-ribofuranosyl (denoted 
compound 44 in the text); 

R, Is H, is CI, R3 is Ci, R4 is H, R5 is SCHg Cg and Rg Is p-I>flbofuranosyi 
20 (denoted compound 54 in the text); 

R^ is H, R2 is Br, R3 is Br, R4 is H, R5 is Ci and Rg is ft-D-ribofuranosyl (denoted 
compound 57 In the text); 

R^ Is H, R2 is F, R3 is F, R4 is H. Rg is Ci and Rg is p-DHrlbofuranosyi (denoted 
compound 65 In the text); 
25 R) is H, Rg Is C^l, is F, R4 is H, R5 is CI and i^ is p-Dn-ibofuranosyl (denoted 

compound 65a in the text); 

R^ is hi, is H, R3 is CI, R4 is H, R5 is CI and is p-D-ribofuranosyl (denoted 
compound 67 in the text); 

R^ is Ci, R2 is H, R3 Is Ci, R4 is hi, Rg is CF3 and is p-D-ribofuranosyl (denoted 
30 compound 81 b in the text); 

Rf Is Ci, F^ is H, R3 is CF3, R4 is H. Rg is Ci and Rg is p-D-ribofuranosyl (denoted 
compound 81c in the text); 

R^ is hi, F^ Is Br, R3 is H. R4 is H, Rg is CI and F^ is p-D-ribofuranosyl (denoted 
compound 87 in the text); 
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is H, R2 is H, R3 is Br, R4 Is H, IR5 is CI and Rg is p-D-riboftiranosyl (denoted 
comp und 00 In tlie text); 

R| is CI, R2 is CI, R3 Is CI, R4 is i-l, R5 is Ci and Rg is p-D-ribofuranosyl (denoted 
compound 92 In tiie text); 
5 R^ is Br, R^ is Br, R3 is Br, R4 Is H, R5 is CI and R^ is p-D-ribofuranosyl (denoted 

compound 103 in the text); 

R^ Is H, R2 is CI, R3 is CI, R4 is H, R5 is NH2 and Bg Is 2'^eoxy-p*D-ribofuranosyl ^ 
(denoted compound 113 in the text); 

R) is H, is CI, R3 is CI, R4 is IH, R5 is CI and Rg is p-[}-arabinofuranosyl (denoted 
10 compound 134 in the text); 

R^ is a, R2 is CI, R3 Is CI, R4 is CI, R5 is CI and Rg is (1,3Klihydroxy-2- 
propoxy)methyl (denoted compound 155 In the text); 

Rl is Ci, R2 Is CI, R3 is CI, R4 Is CI, R5 is NHg and Rg is (1,3<lihydroxy-2- 
propoxy)methyl (denoted compound 156 in the text); 
15 R^ Is CI, R2 is CI. R3 Is CI, R4 is CI, R5 is CI and Rg is 2-hydroxyethoxymethyl 

(denoted compound 166 In the text); 

R^ is CI, R2 is CI, R3 is CI, R4 is a, is OCH3 and Rg is 2-hydroxyethoxymethyt 
(denoted compound 166a in the text); 

R^ is Ci, is CI, R3 is Ci, R4 Is a, Rg is NH^ and Rg is 2-hydroxyethoxymethyl 
20 (denoted compound 1 67 in the text); 

R^ Is i^, R2 is CI, R^ is Ci, R4 is H, Rg is CI and Rg is 5-O-acetyl-p-D-ribofuranosyl 
(denoted compound 42a in the text); 

R^ is H, R2 Is CI, R3 Is CI, R4 Is H, Rg Is Br and Rg is 5-O-acetyl-p-D-ribofuranosyl 
(denoted compound 52b in the text); 
25 R^ is H, R2 is Ci, R3 is CI, R4 is H, Rg is Ci and Rg is 2,3,5-tri-O-a06tyl-p-D- 

ribofuranosyl (denoted compound 42 in the text); 

R^ Is H, Rg Is CI. R3 Is CI, R4 is H, Rg is Br and Rg is 2.3,5*K)-acetyl-p-D- 
ribofuranosyi (denoted compound 52a in the texQ; 

which comprises reacting a compound of the following formula: 



30 
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Wherein R^, Rg, R3. R4, and Rg are defined as ab ve, with a protected compound of 
fonnula Re*X, shown below, in which Rg* r presents a protected carbohydrate r 
carb hydrate^lke m lety and X represents a leaving group, and subsequently removing 
the protecting group from the moiety to form the desired compound, wherein the 
5 compound of formula Rg^X is represented by the fomiula: 




wherein X represents a leaving group and R represents a hydroxy protecting group. 

74. A process for preparing a polysubstltuted benzlmidazoie of the following 
formula: 




wherein R, is H, Rg, R3 la CI. Rg Is CI or NHj and Rg 's benzyl, which comprises reacting 
10 a compound of the following formula: 

with R*»»X, wherein R' is aralltyl. ^ 
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A compound of the structure of compound 52. 
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76. A compound of the structure of comp und 85. 



77. A compound of the stmcture of compound 95. 

78. A compound of the structure of compound 1 82. 



5 79. A compound of the stmcture of compound 42. 

80. A compound of the structure of compound 42a. 

81. A compound of the structure of compound 52a. 



82. A compound of the structure of compound 52b. 

83. An antiviral composition comprising a pharmaceuticaliy acceptable carrier 
1 0 and a compound of the structure of compound 45 or a pharmaceuticaliy acceptable salt 

or formulation thereof. 



84. An antiviral composition comprising a pharmaceuticaliy acceptable carrier 
and a compound of the stmcture of compound 52 or a pharmaceuticaliy acceptable salt 
or formulation thereof. 



15 85. An antiviral composition comprising a pharmaceuticaliy acceptable carrier 
and a compound of the stmcture of compound 85 or a phamnaceutically acceptable salt 
or formulation thereof. 

86. An antiviral composition comprising a pharmaceuticaliy acceptable carrier 
and a compound of the stmcture of compound 95 or a phannaceutically acceptable salt 
20 or formulation thereof. 



87. An antiviral composition comprising a pharmaceuticaliy acceptable carrier 
and a compound of the structure of compound 182 or a pharmaceuticaliy acceptable salt 
or formulation thereof. 
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88. An anti\^ral composition comprising a ptiarmaceutically acceptable carrier 
and a compound of the structure of comp und 42 r a pharmaceutlcally acceptable salt 
or formulation tiiereof. 

89. An antiviral composition comprising a pharmaceuticaliy acceptable carrier 
5 and a compound of the structure of compound 42a or a pharmaceuticaliy acceptable salt 

or formulation thereof. 



90. A method of antiviral treatment comprising the step of administering to the 
viral host a therapeutically effective amount of a compound of the structure of compound 
45 or a phannaceutlcally acceptable salt or formulation thereof. 

10 91 . A method of antiviral treatment comprising the step of administering to the 
viral host a therapeutically effective amount of a compound of the structure of compound 
52 or a pharmaceuticaliy acceptable salt or formulation thereof. 

92. A method of antiviral treatment comprising the step of administering to the 
viral host a therapeutically effective amount of a compound of the structure of compound 

15 85 or a pharmaceuticaliy acceptable salt or formulation thereof. 

93. A method of antiviral treatment comprising the step of administering to the 
viral host a therapeutically effective amount of a compound of the structure of compound 
95 or a pharmaceuticaliy acceptable salt or formulation thereof. 

94. A method of antiviral treatment comprising the step of administering to the 
20 viral host a therapeutically effective amount of a compound of the stmcture of compound 

182 or a phamnaceutically acceptable salt or formulation thereof. 



95. A method of antiviral treatment comprising the step of administering to the 
viral host a therapeutically effective amount of a compound of the structure of compound 
42 or a pharmaceuticaliy acceptable salt or formulation thereof. 



25 



96. A method of antiviral treatment comprising the step of administering to the 
viral host a therapeutically effective amount of a compound of the structure of compound 
42a r a pharmaceuticaliy acceptable salt or formulation thereof. 
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Figure 1. 
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Figure la. 
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Figure 2. 
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Figure 2b. 
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Figure 2c. 
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Figure 2d. 
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Figure 2e. 
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Figure 3. 



Antiviral AcUvUy and Cytotoxicity 
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Figure 4. 

Effect of Compound 45 on the Replication of lierpes Viruses 
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Figure 5. HCMV Titer Reduction by 
Benzlmldazole Nucleosides and Ganciclovir 
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Figure 6. KB Cell Growth In the Presence 

of Compound 45 
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Figure 7. Reversibility of the Effect of 
Compound 45 on the Growth of KB Cells 
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Figure 8. Effect of DRB on the Growth of KB CELLS 
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Figure 9. 

Antivinl Activity and Cytotoxicity 
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